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PREFACE. 

IT  is  the  object  of  the  following  pages  to  give  in  as  concise  a 
manner  as  possible  a  description  of  the  Electric  Telegraph  as  a 
whole,  and  also  to  point  out  the  peculiar  features  in  several 
kinds  of  Telegraphs  which  are  now  in  use. 

In  a  short  treatise  like  this,  to  have  described  every  plan  in 
detail,  of  the  many  that  have  been  proposed,  would  have  been 
impossible ;  and  it  did  not  appear  that  a  work  so  comprehen- 
sive would  be  at  all  suited  to  the  general  reader. 

In  describing   the  various   Telegraphs  mentioned  herein, 

every  endeavour  has  been  used  to  give  a  statement  of  the 

inventions,  without  venturing  an  opinion  on  the  comparative 

merits    of  the   plans,    unless   there  was  any   peculiarity    in 

the  case  which  seemed  to  call  for  the  expression  of  such 
opinion. 
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VI  PREFACE. 

A  succinct  account  of  the  Electric  Telegraph  has  long  been 
a  desideratum  in  this  kingdom :  in  foreign  countries  several 
works  on  the  subject  have  already  appeared. 

For  many  of  the  statements  made  herein  the  Author  is 
indebted  to  these  and  other  works,  and  also  to  the  several 
scientific  periodicals  which  are  now  so  extensively  published 
in  this  and*  other  countries.  As  it  would  have  been  a 
source  of  considerable  confusion  to  the  general  reader,  for 
whom  these  pages  have  been  written,  to  have  been  continually 
referring  specifically  to  each  work,  the  Author  begs  now 
freely  and  frankly  to  acknowledge  the  assistance  which 
these  publications  have  rendered  to  him,  and  the  peculiar 
obligations  under  which  he  is  placed  with  regard  to  their 
respective  Authors. 

The  following  is  a  list  of  some  of  the  works  which  have 
been  consulted,  and  from  many  of  which  copious  extracts  have 
been  made. 

Annals  of  Electricity,  Magnetism,  and  Chemistry,  by  W.  Stur- 
geon. 

Alexander's  Original  Electric  Telegraph. 
American  Electro-Magnetic  Telegraph,  by  A.  Vail. 
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Account  of  some  remarkable  Applications  of  the  Electric  Fluid 

to  the  useful  Arts,  by  Alexander  Bain. 
Book  of  the  Telegraph,  by  Daniel  Davis. 
Chambers's  Papers  for  the  People. 
Daniell's  Introduction  to  Chemical  Philosophy. 
Davis's  Manual  of  Magnetism. 

Descriptions  of  an  Electrical  Telegraph,  by  F.  Ronalds. 
Electrical  Magazine.  . 
Encyclopaedia  Britannica. 
Encyclopaedia  Metropolitana. 
Engineer's  and  Mechanic's  Pocket  Book. 
Electric  Telegraph  Manipulation,  by  Charles  V.  Walker. 
Hand-Book  of  Chemistry,  by  Leopold  Gmelin. 
Lardner's  Cabinet  Cyclopaedia  (Electricity,  by  Dr.  Lardner). 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine. 
Noad's  Electricity. 
Patent  Journal. 

Practical  Mechanic's  and  Engineer's  Magazine. 
Repertory  of  Patent  Inventions. 
Scientific  Periodicals  (various). 
Telegraphic  Railways,  by  W.  F.  Cooke. 
Transactions  of  the  Cambridge  Philosophical  Society. 

,,  Society  of  Arts. 

„  Royal  Society. 

Wonders  of  the  Wire. 

Manuel  de  la  Telegraphic  Electrique,  par  L.  Breguet. 
Rapport  fait  a  1' Academic  des  Sciences  sur  les  Appareils  Tele- 

graphiques.     De  M.  Siemens  (de  Berlin). 
Traite  Telegraphic  Electrique,  par  M.  L.  Abbe  Moigno. 


V1U  PREFACE. 

Traite   Experimental   de  1'Electricite   et   da  Magnetism,  par 

M.  Becquerel. 

Der  Electro-magnetische  Telegraph,  von  Dr.  H.  Schellen. 
Der   Praktische   Telegraphist,    oder   die  Electro-magnetische 

Telegraphic  nach  dem  Morse'schen  System,  von  F.  Clemens 

Gerke. 
Kurze  Darstellung  der  an  den  Preussischen  Telegraphen-Linien 

mit  unterirdischen  Leitungen,  von  Werner  Siemens. 

Since  the  following  pages  have  been  in  type,  an  Act  of 
Parliament  to  amend  the  laws  relating  to  Letters  Patent  has 
received  the  Ptoyal  assent,  and  comes  into  operation  on  the 
1st  of  October,  1852.  By  this  enactment  many  of  the  evils 
so  bitterly  and  so  justly  complained  of  have  been  remedied ; 
and  although  many  of  the  provisions  contained  therein  seem 
as  yet  far  from  perfect,  still  it  is  hoped  that  the  Act  will- 
prove  a  great  boon,  not  only  to  inventors  and  patentees, 
but  to  the  community  at  large. 

E.  H. 

LONDON,  JULY,  1852. 
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THE    ELECTRIC    TELEGRAPH. 


INTRODUCTION. 

WHAT  an  age  of  wonders  is  this ! 

"When  one  considers  the  state  of  Science  a  century  ago, 
and  compares  the  light  of  the  past  with  that  of  the  present 
day — how  great  is  the  change !  how  marvellous  the  advance  ! 
Discovery  has  followed  discovery  in  rapid  succession  —  in- 
vention has  superseded  invention  —  till  it  would  seem  to- 
the  superficial  observer  that  little  now  remains  to  be  dis- 
covered, and  that  further  improvement  is  next  to  an  im- 
possibility. 

.  But  who  shall  set  a  limit  to  the  inventive  genius  of  man  ? 
and  say,  Hitherto  shall  it  go,  but  no  further,  and  here  all 
discovery  and  invention  shall  cease. 

Each  discovery  brings  with  it  new  light.  This  light  illumes 
many  a  previously  dark  and  untrodden  path,  and  displays  to 
the  astonished  gaze  a  long  vista  of  new  wonders,  and  still 
greater  discoveries.  These  in  their  turn  enlarge  the  range 
of  man's  mental  vision,  and  further  progress  follows.  But 
still  the  darkness  around  is  great  indeed.  The  eye  of  the 
mind  cannot  yet  fully  penetrate  the  thick  veil  which  even 
now  conceals  the  naked  majesty  of  scientific  truth,  nor  is 
it  enabled  to  comprehend  the  varied  powers  of  Nature  that 
are  still  buried  in  obscurity.  As  in  a  dark  night  a  sudden 
flash  of  light  only  dazzles  the  eye  of  the  observer,  so  a 
great  discovery  at  first  unnerves  the  mind,  and  for  a  time 
renders  it  incapable  of  further  observation.  Notwithstanding 
this,  the  advance  in  scientific  knowledge  has  of  late  been  vast 
and  important.  That  which  is  now  thought  chimerical,  soon 
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2  INTRODUCTION. 

becomes  an  acknowledged  fact,  and  the  marvellous  of  to- 
day is  no  wonder  on  the  morrow. 

Few  inventions  have  created  so  great  surprise  and  delight 
as  that  of  the  Electric  Telegraph. 

It  is  but  a  few  short  years  since  the  electric  telegraph  was 
classed  among  the  chimeras  of  the  age,  and  yet  already  its 
tiny  wires  lie  stretched  across  the  length  and  breadth  of  the 
land,  or  buried  in  the  depths  of  the  ocean,  and  man  can  now 
talk  with  man  although  a  thousand  miles  apart. 

The  author  having  been  requested  to  write  a  short  treatise 
on  this  wonderful  invention,  has  consented  to  do  so,  in  the  full 
belief  that  the  reader  will  make  due  allowance  for  the  many 
imperfections  that  cannot  but  exist  in  a  treatise,  where,  amidst 
the  many  duties  of  his  arduous  profession,  so  little  time  has 
been  allowed  for  its  compilation. 

Relying,  therefore,  on  this  leniency,  the  author  trusts  that 
what  he  has  written  may  not  be  read  without  interest ;  and  he 
hopes  that  the  perusal  of  this  little  work  may  induce  many  to 
search  further  among  the  hidden  treasures  of  Nature,  and 
through  Nature's  powers  to  look  up  with  greater  reverence  to 
the  Being  that  created  them. 


TELEGRAPHS  GENERALLY. 

TELEGRAPHS    BY    MEANS    OF    LIGHT. 

Long  before  the  electric  telegraph  had  been  thought  of, 
the  attention  of  individuals  as  well  as  governments  had  been 
directed  to  the  obtaining  of  a  rapid  communication  of  intel- 
ligence between  distant  points. 

In  olden  times,  fires  were  used  to  announce  the  approach  of 
an  enemy,  or  to  telegraph  the  news  of  victory  or  defeat. 

The  Ancient  Britons  had  their  signal  fires,  to  warn  the 
country  of  the  approach  of  an  enemy. 

The  Romans  employed  the  same  expedient  in  times  of  war, 
to  telegraph  their  victories  or  defeats. 

During  the  wars  that  raged  in  Ireland,  the  news  of  a  victory 
or  defeat  was  telegraphed  across  the  Irish  Channel  by  fires 
lighted  on  Fairhead  in  Ireland,  and  on  the  Mull  of  Cantire 
in  Scotland.  Help  was  thus  asked  for  or  telegraphed  as  not 
needed,  as  occasion  required. 

The  remains  of  the  stations  for  these  beacon-fires  still  exist 
in  this  and  other  countries,  and  the  embers  seem  even  now  but 
smouldering  in  the  dust. 

It  will  be  in  the  recollection  of  many  now  living,  that  the 
approach  of  the  French  to  this  island  was  to  have  been  an- 
nounced by  the  lighting  of  immense  fires  on  the  tops  of  many 
of  the  high  hills  in  England,  and  the  news  thus  telegraphed 
from  one  end  of  the  kingdom  to  the  other  in  a  very  short 
period  of  time. 

Beacon-fires  were  abandoned  when  the  aerial  or  semaphore 
telegraph  was  invented. 

The  aerial  telegraph  was  employed  for  a  considerable  period, 
both  in  England  and  on  the  Continent,  before  the  electric 
telegraph  began  to  assert  its  claims.  Even  now  its  use  is 
continued  in  some  parts  until  its  rival  can  be  erected  to  supply 
its  place. 
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TELEGRAPHS    BY    DIRECT    SIGHT. 

No  sooner  was  the  telescope  invented  in  England  by  Robert 
Hook,  than  this  instrument  was  employed  for  observing  signals 
at  a  great  distance.  Men's  minds  were  then  naturally  turned 
to  the  invention  of  a  set  of  signals,  so  that  intelligence  of  any 
kind  might  be  read  off  with  great  rapidity. 

Among  the  labourers  in  this  field  may  be  mentioned  with 
distinction  the  names  of  Amontous,  Linguet,  Gautley,  Hanan, 
and  particularly  M.  Claude  Chappe,  a  French  engineer.  M. 
Chappe' s  inventions  were  first  tried  in  the  year  1791.  Like 
all  inventors,  Chappe  met  with  great  opposition  and  discourage- 
ment :  the  people  were  opposed  to  the  use  of  telegraphs  at 
all;  his  first  telegraph  and  the  station  were  destroyed  by 
the  populace ;  his  second  telegraph  shared  the  same  fate : 
it  was  burnt  to  the  ground,  and  Chappe  himself  narrowly 
escaped  with  his  life :  the  people  threatened  to  burn  him 
along  with  his  telegraphs. 

Subsequently  the  matter  was  taken  up  by  the  French 
Government.  A  commission  was  appointed.  The  Com- 
missioners reported  favourably  on  the  plans  of  M.  Chappe: 
his  system  was  ordered  to  be  adopted,  and  Chappe  himself 
was  honoured  with  the  appointment  of  Telegraphic  Engineer 
to  the  French  Government. 

The  aerial  telegraph  between  Paris  and  Lille  was  con- 
structed in  1794  on  his  plan,  and  two  minutes  only  were 
occupied  in  communicating  intelligence  between  those  places. 
This  form  of  aerial  telegraph  was  afterwards  much  used  on 
the  Continent. 

It  appears  that  the  Swedes  established  their  first  aerial 
telegraph  in  1795;  the  English  in  1795;  the  Danes  in 
1802:  Asia  had  one  in  1823,  between  Calcutta  and  the 
fortress  of  Chunore ;  Mahomet  Ali  established  one  between 
Alexandria  and  Cairo  ;  Prussia  had  a  similar  telegraph  in 
1832  ;  Austria  in  1835  ;  and  Russia  in  1839. 
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As  the  electric  telegraph  advances,  this  method  of  com- 
municating intelligence  is  now  falling  into  disuse. 

The  aerial  telegraph  between  London  and  Portsmouth  has 
for  some  time  been  superseded  by  the  electric  telegraph.  It 
is  now  entirely  removed,  and  wires  supply  its  place. 

The  only  one  now  in  use  in  England  is  from  Liverpool  to 
Holyhead,  and  this  will  shortly  disappear,  inasmuch  as  wires 
between  those  points  are  already  laid.  The  expense  of  main- 
taining and  working  the  aerial  telegraph  is  very  great.  The 
line  from  London  to  Portsmouth  cost  no  less  than  ,363300 
per  annum ;  and  the  one  between  Liverpool  and  Holyhead 
costs  now  about  ^61500  per  annum. 

In  a  short  time  the  aerial  telegraph  will  be  numbered 
amongst  the  things  that  were. 

It  was  with  the  greatest  difficulty,  however,  that  the  Lords 
of  the  Admiralty  could  be  induced  even  to  try  an  electric 
telegraph. 

In  1823,  Mr.  Ronalds,  of  Hammersmith,  wrote  to  the 
Lords  of  the  Admiralty,  requesting  an  inspection  of  his  elec- 
tric telegraph.  He  strongly  recommended  its  adoption  for 
Government  purposes. 

The  result  of  this  communication  will  be  best  learnt  by  an 
extract  from  a  work  published  by  Mr.  Ronalds  in  1823. 

Mr.  Ronalds  in  a  note  says  :  "Lord  Melville  was  obliging 
enough,  in  reply  to  my  application  to  him,  to  request  Mr.  Hay 
to  see  me  on  the  subject  of  my  discovery ;  but  before  the 
nature  of  it  had  been  known,  except  to  the  late  Lord  Henniker, 
Dr.  Rees,  Mr.  Brande,  and  a  few  friends,  I  received  an  intima- 
tion from  Mr.  Barrow,  to  the  effect  (  that  telegraphs  of  any 
hind  were  then  wholly  unnecessary,  and  that  no  other  than  the 
one  then  in  use  would  be  adopted.'  I  felt  very  little  dis- 
appointment and  not  a  shadow  of  resentment  on  the  occasion, 
because  every  one  knows  that  telegraphs  have  long  been 
great  bores  at  the  Admiralty.  Should  they  again  become 
necessary,  however,  perhaps  Electricity  and  Electricians 
may  be  indulged  by  his  Lordship  and  Mr.  Barrow  with  an 
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opportunity  of  proving  what  they  are  capable  of  in  this 
way." 

Such  was  the  assistance  rendered  by  our  Government  to  one 
of  the  early  inventors  in  electric  telegraphs.  It  appears  that 
they  would  neither  consent  to  an  interview  with  the  inventor, 
nor  even  inspect  his  telegraph. 

The  aerial  telegraph  was  capable  of  being  used  only  for 
about  one-third  of  the  year.  Darkness — fogs — and  storms  of 
rain  or  snow,  were  constantly  cutting  off  all  communication. 
Yet  despite  all  these  obstructions,  how  difficult  it  was  to 
prevail  on  the  British  Government  to  make  even  a  trial  of 
the  electric  telegraph,  although  this  method  not  only  sets  at 
defiance  all  these  interruptions,  and  conveys  its  messages  with 
the  speed  of  lightning  by  night  as  well  as  by  day, — but  carries 
its  intelligence  silently,  either  over  the  land  or  under  the  earth, 
or  for  below  the  troubled  waves  of  the  mighty  deep. 

Who  shall  say  what  may  yet  be  done  by  the  agency  of 
electricity?  Much  has  already  been  achieved,  but  more,  far 
more,  remains  yet  to  be  accomplished.  Vain  were  it  for  man 
to  attempt  to  foretell  the  results  which  may  yet  be  produced 
by  this  mysterious  power.  Many  and  great  are  the  inventions 
and  discoveries  that  even  now  lie  concealed  in  the  womb  of 
Time.  But  the  day  will  come  when  these  shall  all  be  brought 
forth  to  benefit  and  bless  the  community,  and  man,  reviewing 
with  astonishment  the  progressive  results  which  the  workings 
of  his  genius  and  the  unwearied  exertions  of  his  mind  and 
body  have  already  one  by  one  achieved,  will  never  rest  satisfied 
until  all  the  powers  of  Nature  are  made  to  minister  to  the 
wants,  the  comforts,  and  the  pleasures  of  himself  and  his 
fellow  mortals. 

TELEGRAPHS    BY    ELECTRICITY. 

It  is  now  scarcely  a  century  since  electricity  was  first  pro- 
posed to  be  employed  for  the  purpose  of  communicating  intel- 
ligence between  distant  places. 
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Many  and  various  were  the  discoveries  and  inventions  that 
were  required  before  the  electric  telegraph  could  be  made  to 
assume  its  present  state. 

It  is  not  to  one  person  alone  that  the  world  is  indebted  for 
this  wonderful  invention.  Hundreds  of  eminent  persons  have 
laboured  in  the  field,  and  numerous  men  of  science  have  from 
time  to  time  added  their  quota  both  of  discovery  and  invention. 

It  was  not  for  many  years  after  the  first  form  of  electric 
telegraph  was  devised  that  sending  telegraphic  intelligence, 
by  means  of  electricity,  to  any  considerable  distance,  could  be 
regarded  as  either  physically  or  commercially  practicable. 

Even  at  this  day  the  electric  telegraph  may  be  considered 
as  only  in  its  infancy.  Every  year  improvements  are  being 
made,  and  fresh  discoveries  come  to  light. 

That  considerable  proficiency,  however,  in  the  art  of  tele- 
graphing by  electricity  has  already  been  attained,  no  one  can 
for  a  moment  deny;  still  much  remains  to  be  done,  both 
scientifically  as  well  as  commercially.  The  construction  of  the 
electric  telegraph  is  still  to  a  great  extent  imperfect,  and  the 
charges  for  its  use  are  at  present  too  high.  It  is,  therefore, 
no  wonder  that  it  has  not  as  yet  come  into  that  general  and 
very  extended  use  to  which  it  seems  so  admirably  adapted. 

Much  use,  however,  is  even  now  made  of  the  telegraph. 
The  man  of  extensive  business  only  wonders  how  he  could 
possibly  have  done  without  it  so  long:  still  the  multitude 
does  not  as  yet  employ  it  as  one  of  its  usual  and  ordinary 
means  of  communication.  On  extraordinary  occasions  the 
telegraph  is  much  resorted  to,  it  is  true  ;  but  on  ordinary 
occasions,  seldom  or  never. 

To  give  in  extenso  the  various  discoveries  that  have  been 
made  in  this  branch  of  science,  and  to  enumerate  the  many 
inventions  that  have  followed,  would  far  surpass  the  limits 
allowed  on  the  present  occasion. 

The  three  great  fundamental  principles  on  which  all  tele- 
graphs at  present  in  use  depend  are  as  follows : 
The  first  is  the  discovery  by  (Ersted,  viz. 
1.  That  a  magnetic  needle,  when  in  proximity  to  a  body 
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through  which  a  current  of  electricity  is  passing,  has  a 
tendency  to  place  itself  at  right  angles  to  such  body,  or,  more 
strictly  speaking,  to  rotate  round  that  body. 

The  next  is  the  discovery  of  the  late  Mr.  Sturgeon,  viz. 
•   2.  That  if  currents  of  electricity  pass  around  a  bar  of  soft 
iron,    the   iron   becomes   temporarily   magnetic ;    and   when 
in  that  magnetic  condition  it  powerfully  attracts  to  it  any 
pieces  of  soft  iron  which  may  be  placed  in  its  vicinity. 

The  third  is  based  upon  the  joint  discovery  of  Sir  Anthony 
Carlisle,  Mr.  Nicholson,  and  Sir  Humphry  Davy,  viz. 

3.  That  when  a  current  of  electricity  passes  through  certain 
chemical  substances,  those  substances  are  thereby  decomposed, 
or  new  compounds  are  formed. 

On  these  three  great  fundamental  principles  all  the  tele- 
graphs at  present  in  use  depend. 

The  Electric  Telegraph  itself  may  be  fairly  divided  into 
three  distinct  and  separate  parts,  viz. 

1 .  The  means  resorted  to  for  producing  electricity. 

2.  The  means  adopted  for  rendering  a  current  of  electricity 
cognizable  to  the  senses. 

3.  The  means  usually  employed  for  transmitting  to  a  distant 
place  the  electricity  required. 

ON    THE    PRODUCTION    OF    ELECTRICITY. 

Electricity  may  be  produced  in  a  variety  of  ways  :  by 
friction ;  by  chemical  action ;  by  magnetic  induction ;  by 
change  of  temperature ;  by  the  power  and  at  the  will  of 
certain  animals.  The  three  first  modes  are  those  usually 
employed  in  the  electric  telegraph. 

ELECTRICITY    FROM    FRICTION. 

The  discovery  of  frictional  electricity  is  of  very  ancient  date. 

Thales  of  Miletus,  who  lived  about  600  years  before  the 
•Christian  era,  is  reported  by  subsequent  writers  to  have 
described  the  power  developed  in  amber  by  friction,  by  which 
the  amber  was  enabled  to  attract  to  it  pieces  of  straw  and  other 
light  substances. 
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Theophrastus  (321  B.  c.),  in  his  writings,  describes  this 
property. 

Pliny  (A.D.  70)  refers  also  to  the  same.  He  speaks  of 
pieces  of  amber  that  "  attritu  digit orum  accept d  vi  caloris 
attrahunt  in  se  paleas  et  folia  arida  ut  magnes  lapis  fer- 
rum" 

Similar  remarks  may  also  be  found  in  the  writings  of 
Priscian  and  Solinus. 

Salmasius,  in  his  commentary  upon  Solinus,  asserts  that  the 
word  karabe,  by  which  amber  was  known  among  the  Arabs,  is 
said  by  Avicenna  to  be  of  Persian  origin,  and  to  signify  the 
power  of  attracting  straws. 

It  does  not  appear  that  any  of  the  ancients  reasoned  upon 
those  observed  effects ;  they  merely  observed,  and  recorded 
them  as  facts. 

Dr.  Gilbert,  however,  at  the  commencement  of  the  sixteenth 
century,  instituted  a  series  of  experiments  upon  the  subject. 
He  found  that  the  property  possessed  by  amber  was  not  con- 
fined to  that  substance  alone,  but  belonged  to  several  other 
bodies,  such,  for  instance,  as  the  diamond  and  many  ptljer 
precious  stones,  glass,  sulphur,  sealing- wax,  resin,  &c. 

Boyle  found  that  warming  these  bodies  increased  the  effect. 

To  Otto  Guericke,  of  Magdeburg,  who  was  also  the  inventor 
of  the  air-pump,  is  due  the  invention  of  what  is  commonly 
called  the  Electrical  Machine.  This  philosopher  mounted 
a  globe  of  sulphur  upon  an  axis,  and,  on  turning  the  globe 
round,  applied  friction  to  it.  By  this  means  he  detected  that 
strong  electrical  excitation  was  accompanied  both  by  light  and 
sound :  he  also  discovered  that  after  a  body  had  been  electri- 
cally excited,  and  another  light  body  brought  in  contact 
with  it,  a  repulsion  ensued.  Many  other  of  the  now  well- 
known  phenomena  of  attraction  and  repulsion  were  demon- 
strated and  recorded  by  this  philosopher. 

In  1675,  Sir  Isaac  Newton  made  several  important  dis- 
coveries relating  to  the  above,  and  noted  down  the  effects 
pbserved  in  his  experiments  on  the  subject. 

A  5 
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Hawkesbee,  between  1/05  and  1/11,  made  various  dis- 
coveries. He  substituted  a  globe  of  glass  in  lieu  of  the 
globe  of  sulphur  of  Otto  Guericke,  and  fixing  it  in  a  wooden 
frame,  he  produced  an  electrical  machine  very  similar  to  those 
now  in  general  use. 

Grey  and  Wheeler  experimented  further,  and  succeeded  in 
producing  motion  in  light  bodies  at  distances  of  666  feet. 

M.  Du  Fay,  between  1733  and  1737,  conducted  a  series  of 
important  experiments,  and  greatly  enlarged  the  number  of 
phenomena  observable  in  bodies  when  acted  on  by  electricity 
in  this  state. 

The  Abbe  Nollet,  on  witnessing  some  experiments,  dis- 
covered a  simple  principle  that  accounted  for  the  apparently 
anomalous  results  obtained  by  former  experimenters,  and 
explained  satisfactorily  the  cause  of  a  body  being  first  attracted 
and  then  immediately  repelled  after  contact. 

Amongst  those  who  about  this  time  laboured  in  the  science 
may  be  mentioned  with  distinction  the  names  of  Desaguliers 
of  France,  Boze  of  Wittemburg,  Winkler  of  Leipzic,  Ludolf  of 
Berlin,  and  Dr.  Miles ;  each  of  whom  brought  fresh  facts  to 
light,  or  improved  upon  the  apparatus  then  in  use. 

Dr.  Watson,  in  1745  et  seq.,  conducted  several  important 
experiments,  which  are  duly  recorded  in  the  f  Philosophical 
Transactions.' 

Kleist  and  Muschenbroeck,  at  Leyden,  simultaneously  dis- 
covered a  means  of  accumulating  the  electric  power  by  the 
invention  and  employment  of  the  Leyden  jar,  although  the 
honour  of  this  discovery  is  by  some  attributed  to  a  person 
named  Cuneus. 

Dr.  Bevis  recommended  the  coating  of  the  outside  of  the 
jar  with  tinfoil,  water  having  been  previously  used  by  Mus- 
chenbroeck and  Kleist  in  the  interior  of  the  jar. 

Dr.  Watson,  however,  applied  the  tinfoil  both  to  the  inside 
as  well  as  the  outside  of  the  jar,  and  thus  perfected  the  Leyden 
jar.  In  this  state  it  now  remains. 

The  distance  to  which  the  electric  power  might  be  conveyed 
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next  occupied  the  attention  of  philosophers  both  in  England 
and  France.  Experiments  were  made  in  the  Tuileries  on  the 
subject,  and  electricity  transmitted  through  a  circuit  of  con- 
siderable length. 

Dr.  Watson,  in  1747,  in  the  presence  of  many  scientific 
persons,  transmitted  the  power  through  2800  feet  of  wire  and 
8000  feet  of  water,  thus  employing  in  his  experiments  the  use 
of  the  earth  circuit.  ' 

Afterwards,  on  the  14th  of  August,  1747,  Dr.  Watson 
conducted  an  experiment  on  a  much  larger  scale  at  Shooter's 
Hill.  The  wire  was  insulated  by  baked  wood,  and  was  10,600 
feet  or  nearly  2  miles  long. 

But  as  we  are  now  trespassing  on  that  part  of  the  subject 
which  consists  of  the  means  employed  for  conducting  the 
electric  power  to  a  distant  point,  we  must  return  to  the 
production  or  generation  of  the  electric  power  itself. 

From  this  period  until  the  invention  of  the  Hydro-Electric 
Machine  little  progress  was  made  in  the  art  of  producing 
electricity  by  friction. 

In  1840,  at  Newcastle  on  Tyne,  it  was  observed  that  a  jet 
of  steam  issuing  from  the  boiler  of  a  steam  engine  emitted 
electricity  in  considerable  quantities,  and  that  on  applying 
a  conductor  to  the  jet,  powerful  sparks  were  obtained. 

Mr.  Armstrong,  of  Newcastle,  made  many  experiments 
on  this  newly  discovered  source  of  electricity,  and  ultimately 
constructed  what  is  now  called  the  Hydro-Electric  Machine. 

The  researches  of  Dr.  Faraday  brought  to  light  the  fact 
that  the  electricity  developed  by  this  machine  was  due  to 
the  friction  of  the  watery  particles  in  the  steam  on  the  sides 
of  the  surface.  An  enormous  amount  of  power  may  be  de- 
veloped by  means  of  this  apparatus.  Not  only  have  gun- 
powder and  shavings  of  wood  been  set  on  fire  by  the  spark 
direct  from  the  machine,  but  in  some  experiments  it  has 
also  been  found,  that  when  a  current  was  sent  through  a 
galvanometer  the  needle  was  deflected  between  twenty  and 
thirty  degrees,  and  iron  converted  into  an  electro-magnet. 
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This  brings  the  inquiry  down  to  the  present  time,  with 
reference  to  the  production  of  electricity  by  friction. 

We  will  now  proceed  to  describe  the  discoveries  that  have 
been  made  in  the  production  of  electricity  from  chemical  action. 


ELECTRICITY    FROM    CHEMICAL    ACTION. 

After  the  Leyden  jar  and  the  electric  battery,  composed 
of  a  number  of  such  jars,  had  been  experimented  on  in  various 
ways,  and  by  means  of  the  power  so  accumulated  metals  had 
been  fused,  volatilized,  reduced  to  dust,  or  dispersed  in  air,  the 
lives  of  animals  and  vegetables  taken  away,  and  other  striking 
effects  produced  on  matter,  for  a  long  period  little  or  no 
further  progress  was  made. 

At  length  Galvani,  in  1791,  stumbled  as  it  were  by  chance 
upon  what  was  then  thought  a  new  fact  in  the  science.  This 
ultimately  led  to  most  important  consequences.  Through  it, 
means  were  obtained  of  producing  enormous  quantities  of 
electricity,  and  that  from  the  chemical  action  of  bodies  on 
each  other. 

It  appears  that  Du  Verney  had  made  the  very  same  obser- 
vation as  Galvani  had  done  about  a  century  before,  without 
the  circumstance  having  attracted  the  attention  of  philosophers 
at  the  time. 

The  reader  will  probably  be  too  well  acquainted  with  the 
story  of  Galvani  and  the  frogs  to  need  a  repetition  of  the 
circumstance.  Suffice  it  to  say,  that  the  accidental  contrac- 
tion of  the  muscles  of  a  frog,  when  in  the  proximity  of  an 
electrical  machine,  led  to  some  of  the  most  brilliant  discoveries 
that  have  ever  adorned  the  annals  of  science. 

Various  hypotheses  were  framed  to  account  for  the  pecu- 
liarities observed  in  the  experiments  with  the  muscles  of 
animals. 

Valli  wrote  on  the  subject,  and  in  1793  Dr.  Fowler  published 
his  essay  on  Animal  Electricity.  The  same  subject  was  also 
investigated  by  Dr.  Robison. 
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Professor  Volta,  of  Pavia,  confuted  many  of  the  theories 
adduced,  and  ultimately  produced  the  arrangement  known  as 
the  Voltaic  Pile,  the  first  rude  form  of  what  is  now  termed 
the  Galvanic  Battery.  A  letter  of  Volta  on  the  subject  was 
published  in  the  'Philosophical  Transactions'  for  1793. 

During  the  heat  of  the  discussions  between  the  partisans  of 
the  theories  of  Galvani  and  Volta,  Fabroni  repeated  many  of 
the  experiments,  and  communicated  his  researches  to  the 
Florentine  Academy. 

It  is  in  this  paper  that  the  first  suggestion  as  to  the 
chemical  origin  of  galvanic  electricity  is  to  be  found. 

On  the  20th  of  March,  1800,  Volta  addressed  a  letter  to 
Sir  Joseph  Banks,  then  President  of  the  Royal  Society,  in 
which  he  announced  to  him  the  discovery  of  the  VOLTAIC 
PILE. 

After  due  investigation  of  this  instrument,  Volta  endeavoured 
to  improve  the  arrangement  of  its  parts,  in  order  to  obtain 
a  greater  amount  of  power.  The  result  was  the  invention  of 
the  apparatus  known  by  the  name  of  La  Couronne  de  Tasses. 
This  arrangement  consisted  of  a  circle  of  cups,  each  cup 
being  filled  with  warm  water  or  with  a  solution  of  sea- salt, 
and  having  also  a  piece  of  silver  and  a  piece  of  zinc  in  the  liquid. 

The  pieces  of  the  two  different  metals  in  the  same  cup  were 
not  in  metallic  contact,  but  the  zinc  of  the  one  cup  was 
metallically  united  to  the  silver  of  the  adjacent  one,  and  so  on 
throughout  the  series,  the  liquid  alone  intervening  between  the 
metals  in  the  same  cup.  Thus  it  is  evident  that  in  this 
arrangement  of  the  couronne  de  tasses  we  have  a  complete 
and  perfect  galvanic  battery.  We  have  the  insulated  cell,  and 
the  two  metals  in  the  cell  separated  by  a  liquid  capable  of 
acting  chemically  upon  one  of  them. 

Many  important  improvements  have,  however,  been  made  in 
the  materials  employed,  though  the  principle  of  the  battery 
remains  now  as  it  left  the  hands  of  Volta. 

Dr.  Wells,  in  1795,  discovered  that  charcoal  might  be 
substituted  for  one  of  the  metals  in  the  cells. 

Mr.  Cruikshank,  of  Woolwich,  in  1800,  arranged  another 
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form  of  battery,  making  the  metals  employed  to  form  divisions 
of  the  trough. 

In  Dr.  Wollaston's  arrangement,  in  1815,  dilute  sulphuric 
acid  was  employed,  and  two  pieces  of  copper  were  used  to  one 
piece  of  zinc,  the  copper  being  placed  on  each  side  of  the  zinc 
plate.  He  arranged  the  whole  in  a  trough  composed  of  a 
number  of  cells,  and  attached  the  plates  to  a  rod  so  that  the 
whole  of  the  plates  might  be  lifted  out  of  the  liquid  when  the 
electric  power  was  not  required.  By  this  arrangement  less 
waste  of  the  zinc  and  acid  resulted,  as  the  zinc  was  not  being 
dissolved  by  the  acid  when  the  battery  was  out  of  action.  It 
will  be  observed,  however,  that  the  above  are  but  mere  modi- 
fied forms  of  Volta's  couronne  de  tasses. 

Many  experiments  were  made  by  Valli,  Fowler,  Robison, 
Dr.  \Yells,  Humboldt,  Fabroni,  Nicholson,  Carlisle,  Cruick- 
shank,  Haldane,  Henry,  Davy,  Wollaston,  Trommsdorff,  Van 
Marum,  Pfaff,  Aldini,  Hisinger,  Berzelius,  De  Luc,  De  la 
Rive,  Becquerel,  and  others  ;  and  new  facts  were  added  yearly 
to  the  existing  stock  of  knowledge.  Several  kinds  of  acids 
were  used ;  charcoal  was  substituted  for  one  or  both  of  the 
metallic  plates;  wires  were  made  red-hot,  and  various  sub- 
stances difficult  of  decomposition  easily  decomposed  by  the 
electric  action. 

Other  powerful  forms  of  galvanic  batteries  were  afterwards 
contrived,  both  by  Professor  Daniell  and  Professor  Grove — 
forms  and  arrangements  which  admit  of  an  uniform  and 
continuous  flow  of  the  electric  power  for  a  considerable  period 
of  time. 

Darnell's  constant  battery,  as  it  is  called,  consists  in  having 
two  liquids  in  each  cell,  the  liquids  being  separated  by  a 
porous  diaphragm — the  one  liquid  being  dilute  sulphuric  acid, 
and  the  other  a  saturated  solution  of  sulphate  of  copper :  in 
the  latter,  copper  plates  are  immersed,  and  in  the  former, 
plates  of  zinc. 

Grove's  battery  consists  of  two  liquids  and  two  metals — 
the  liquids  being  nitric  acid  and  dilute  sulphuric  acid,  and  the 
metals  platinum  and  amalgamated  zinc :  the  plates  of  platinum 
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are  immersed  in  the  nitric  acid,  and  the  zinc  in  the  dilute 
sulphuric  acid. 

An  important  discovery,  in  order  to  prevent  the  local  action 
of  the  diluted  sulphuric  acid  on  zinc,  was  made  by  Mr.  Stur- 
geon and  Mr.  Kemp.  This  consisted  in  rubbing  mercury 
over  the  surface  of  the  zinc.  By  this  means  the  other  forms 
of  galvanic  batteries  are  made  to  last  a  much  longer  time,  and 
the  flow  of  electricity  during  the  action  of  the  battery  becomes 
far  more  constant  and  regular. 

The  relation  which  the  galvanic  battery  bears  to  the  Ley- 
den  jar  or  the  common  electrical  machine  may  be  thus  stated : 

In  the  Ley  den  jar,  a  sudden,  instantaneous,  and  violent 
effect  is  produced  on  any  body  through  which  the  power 
passes :  a  torrent  of  force  precipitates  itself,  as  it  were, 
instantly  along  the  line  of  communication,  while  in  the 
galvanic  battery  the  power  flows  in  a  gentle  and  continuous 
stream,  producing  a  constant  and  uniform  action  for  any 
definite  period  of  time. 

From  the  Ley  den  jar,  the  whole  force  passes  in  an  incon- 
ceivably short  space  of  time,  while  from  the  galvanic  battery 
the  action  may  be  continued  as  long  as  desired. 

Just  as  in  mechanics  a  sudden  blow  from  a  hammer  differs 
from  a  continued  pressure,  so  does  the  action  of  electricity 
from  the  Ley  den  jar  differ  from  that  produced  from  the 
galvanic  cell. 

During  the  last  few  years  improvements  have  been  made  in 
batteries,  and  especially  with  regard  to  the  peculiar  require- 
ments of  the  electric  telegraph. 

Mr.  Cooke  uses  sand  mixed  with  the  diluted  acid,  in  order 
to  prevent,  to  a  certain  degree,  the  mechanical  transmission 
of  the  salts  of  the  one  metal  on  to  the  surface  of  the  other. 

Messrs.  Brett  and  Little  employ  a  gradual  renewal  of  the 
diluted  sulphuric  acid,  and  allow  the  exhausted  liquid  to  run 
out  from  the  bottom  of  the  cells  and  fresh  liquid  to  drop  into 
the  cells  from  the  reservoir  above. 

The  author,  however,  employs,  instead  of  diluted  sulphuric 
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acid  as  the  exciting  liquid,  a  solution  of  the  sulphates  of  the 
earths,  such  as  the  sulphate  of  magnesia,  or  the  sulphate  of 
alumina.  By  this  arrangement,  not  the  slightest  attention 
need  be  paid  to  the  batteries  required  for  working  the  tele- 
graph, for  many  months  together :  a  constant  and  equable 
flow  of  the  power  may  be  thus  obtained  whenever  desired,  and 
that  for  a  whole  year,  although,  in  some  instances,  200  mes- 
sages a-day  have  been  transmitted.  Another  advantage  is, 
that  one  liquid  only  need  be  used,  and  that  of  the  cheapest 
kind. 


ON    THE    PRODUCTION    OF    ELECTRICITY    FROM    THE 
MAGNET. 

The  honour  of  this  discovery  is  due  to.  the  illustrious 
Faraday, — Dr.  Faraday  having  noticed  that  on  bringing  one 
wire  through  which  a  current  of  electricity  was  passing  near  to 
another  wire,  a  current  of  electricity  was  induced  in  the  second 
wire  ;  and  that  when  the  connection  between  the  poles  of 
a  galvanic  battery  was  broken,  a  current  passed  for  an  instant 
through  the  circuit  in  a  direction  contrary  to  that  in  which 
the  current  was  proceeding  before. 

Further  research  into  these  curious  phenomena  ultimately' 
led  this  philosopher  to  the  production  of  electricity  from  mag- 
netism. 

The  first  apparatus  employed  was  a  ring  of  soft  iron,  around 
one-half  of  which  an  insulated  wire  was  wound  connected  with 
a  battery,  and  around  the  other  half  of  the  ring  another 
insulated  wire  was  wound,  but  not  in  metallic  connection  with 
the  former  one :  on  passing  a  current  through  the  first  wire 
the  ring  of  iron  became  magnetic,  and  at  the  same  instant  that 
the  iron  was  assuming  this  magnetic  state  a  current  of  elec- 
tricity was  found  to  be  traversing  the  second  wire,  although  it 
was  not  in  contact  with  the  first-named  wire.  This  secondary 
current,  however,  ceased  almost  immediately,  but  was  again 
renewed  in  the  opposite  direction  when  the  ring  was  losing 
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its  magnetic  state,  by  disconnecting  the  battery  from  the 
first-named  wire.  This  inverse  or  induced  current  lasted  only 
until  the  iron  re-assumed  its  normal  condition. 

Thus  it  was  evident  to  Dr.  Faraday,  that  if  a  piece  of  iron 
be  surrounded  with  insulated  coils  of  wire,  a  current  of  electri- 
city might  be  induced  in  such  wire  by  merely  magnetizing  and 
demagnetizing  the  iron. 

An  apparatus  was  therefore  constructed  by  means  of  which 
the  iron  so  wound  with  wire  was  magnetized  and  demag- 
netized, by  being  made  to  approach  to  and  recede  from  a 
permanent  magnet.  The  result  was  as  anticipated,  and  powerful 
currents  of  electricity  were  thereby  induced  and  traversed  the 
circuit  appointed  for  them. 

The  iron  was  now  removed  from  the  helix  of  wire,  and  a 
permanently  magnetic  core  introduced  and  withdrawn, — at 
each  introduction  and  withdrawal  of  the  magnet  a  current  of 
electricity  was  developed  in  the  wire. 

A  copper  disc  was  then  employed  and  made  to  rotate  in  the 
presence  of  a  magnet, — currents  of  electricity  were  at  once 
detected  in  the  disc. 

By  these  means  water  was  decomposed — magnetic  needles 
moved — iron  and  steel  magnetized — and  all  the  other  well- 
known  effects  of  electricity,  both  frictional  and  galvanic,  were 
produced. 

Amongst  the  labourers  in  this  branch  of  science  may  be 
reckoned  the  names  of  Babbage,  Herschel,  Barlow,  Nobili,  An- 
tinori,  Bacelli,  Christie,  Prevost,  Colladon,  Harris,  and  others. 

Various  forms  of  magneto-electric  machines  were  subse- 
quently devised. 

Dr.  Faraday,  however,  was  the  first  person  who  constructed 
one  by  means  of  which  a  continuous  current  of  electricity  was 
produced. 

In  1832,  M.  Pixii,  of  Paris,  constructed  a  machine  in  which 
a  coil  of  copper  wire  was  employed  instead  of  a  disc  of  copper; 
and  in  1833,  Mr.  Saxton  submitted  to  the  British  Association 
his  magneto-electric  machine,  in  which  the  coils  rotated  and 
the  magnet  was  fixed. 
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Another  form  of  the  same  kind  of  machine  was  executed  by 
Mr.  Clarke,  and  is  fully  described  by  M.  Becquerel. 

From  this  period  up  to  the  present  time  little  further  im- 
provement has  been  made  in  producing  electricity  from  the 
action  of  the  magnet. 

In  1837,  Dr.  Steinheil  used  the  ordinary  magneto-machine 
for  working  his  printing  and  other  telegraphs. 

In  1841,  Professor  Wheatstone  patented  a  mechanical 
arrangement  by  means  of  which,  with  a  series  of  electro- 
magnets rotating  before  a  magnet  or  a  set  of  magnets,  a  con- 
tinuous current  of  electricity  in  the  same  direction  was 
produced.  This  instrument  was  intended  to  supersede  the  use 
of  galvanic  batteries  in  electric  telegraphs,  but  it  does  not 
appear  to  have  ever  been  brought  into  practical  operation. 

A  modification  of  Mr.  Saxton's  arrangement  is,  however, 
now  employed  to  a  considerable  extent  in  producing  electricity 
for  the  ringing  of  the  alarums  of  a  telegraph.  It  should  be 
observed  with  regard  to  this  method  of  producing  currents  of 
electricity,  that  electricity  is  generated  in  the  conducting  wire 
only  when  an  adjacent  electro-magnet  is  undergoing  a  change 
in  its  magnetic  state  ;  and  that  when  the  magnetism  of  such 
electro-magnet  is  increasing,  the  current  of  electricity  developed 
is  in  one  direction,  whilst,  when  the  magnetism  is  decreasing,' 
the  current  of  electricity  is  in  the  opposite  direction  ;  and  also, 
that  when  the  magnetism  of  the  electro-magnet  is  stationary, 
no  current  of  electricity  ensues. 

This  method  of  producing  electricity  through  the  medium 
of  the  magnet  is  well  adapted  for  causing  the  liberation  of  the 
detent    of  wound-up  mechanism,  where  the  power  used  is 
required  only  for  a  very  short  period  of  time. 
The  next  subject  for  inquiry  is 

THE    PRODUCTION    OF    ELECTRICITY    BY   A    CHANGE    OF 
TEMPERATURE. 

Professor  Seebeck,  of  Berlin,  was  the  first  to  observe  that  a 
current  of  electricity  could  be  generated  by  joining  together 
arcs  of  two  different  metals,  and  applying  heat  at  either  of  the 
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points  of  junction.  This  discovery  was  no  sooner  known  than 
many  philosophers  repeated  and  extended  the  experiments 
made  by  Professor  Seebeck. 

Amongst  the  first  labourers  in  this  field  were  Baron  Van 
Zuylen,  Dr.  Van  Beek,  and  Professor  G.  Moll. 

Many  were  the  experiments  made  by  these  philosophers, 
and  great  additional  knowledge  was  obtained  by  them  in  this 
new  branch  of  the  science  of  electricity. 

Of  the  details  of  the  experiments  of  Professor  Seebeck  little 
was  known  in  England  at  the  time. 

Professor  Gumming  was  the  first  to  undertake  the  task 
of  investigating  thoroughly  the  peculiarities  of  this  new  species 
of  electricity,  and  to  him  science  is  indebted  for  several  very 
important  facts  developed  in  his  experiments. 

Professor  Gumming  clearly  proved,  that  all  that  was  neces- 
sary in  order  to  produce  in  a  conductor  a  current  of  electricity, 
was,  that  one  end  of  the  conductor  should  be  at  a  different 
temperature  from  that  of  the  other  end. 

It  matters  not  whether  the  temperature  of  the  one  end 
be  raised  by  the  application  of  heat,  or  whether  it  be  lowered 
to  an  equal  degree  by  the  application  of  cold.  A  current  of 
electricity  in  both  cases  is  produced,  the  only  difference  being 
in  the  direction  of  the  current, — the  current  at  all  times 
progressing  in  one  and  the  same  direction  with  regard  to  the 
relative  position  of  the  hotter  and  cooler  ends  of  the  conductor. 
Various  forms  of  thermo-electric  apparatus  have  been  devised, 
and  the  power  multiplied  by  the  repetition  of  alternations  of 
the  pieces  of  metal  employed, — in  manner  somewhat  resem- 
bling the  repetitions  of  the  alternations  of  the  elements  in  the 
galvanic  battery. 

The  two  metals  which,  when  their  ends  are  soldered  together, 
produce  the  most  powerful  current  of  electricity,  are  antimony 
and  bismuth. 

A  detailed  account  of  the  ingenious  experiments  of  Professor 
Gumming  will  be  found  in  the  ( Transactions  of  the  Cambridge 
Philosophical  Society'  for  1823. 
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The  author  does  not  deem  it  necessary  here  to  dwell  longer 
upon  this  mode  of  producing  electricity  ;  it  has  not  been  as 
yet  practically  applied  to  the  electric  telegraph. 

The  field  is  one  rich  in  the  extreme,  and  from  which,  no 
doubt,  in  time,  will  be  extracted  great  knowledge  as  to  the 
constitution  of  matter,  and  the  action  of  particle  on  particle  ; 
nor  is  it  at  all  improbable  that  the  day  is  not  very  distant 
when  a  farthing  rushlight  will  be  made  capable  of  developing 
sufficient  electricity  to  keep  up  an  instantaneous  communica- 
tion by  telegraph  between  London  and  Liverpool. 

ELECTRICITY    FROM    ANIMALS. 

Another  source  whence  currents  of  electricity  may  be 
obtained  is  to  be  found  in  certain  animals. 

Although  this  is  a  subject  which  does  not  properly  belong 
to  a  treatise  on  the  electric  telegraph,  yet  it  has  been  thought 
well  briefly  to  allude  to  it,  simply  for  the  purpose  of  enume- 
rating the  various  sources  whence  electricity  may  be  derived, 
and  to  show  how  admirable  the  contrivance  of  Nature  is,  when 
she  desires  to  produce  electricity  in  the  midst  of  masses  of 
water,  and  to  confine  the  current  to  a  particular  course. 

Various  instances  are  recorded  in  ancient  works  of  sparks  of 
electricity  having  been  given  off  from  the  hair  and  other  parts 
of  the  human  body. 

Virgil  makes  mention  of  a  harmless  flame  which  was 
emitted  from  the  hair  of  Ascanius.  Whether  this  was  so  or 
not  is  uncertain,  as  doubts  even  on  the  existence  of  such  a  per- 
son as  Ascanius  have  been  raised. 

Several  ancient  authors  relate  the  same  thing,  however,  of 
Servius  Tullius,  the  Roman  king.  Numerous  similar  instances 
might  be  adduced,  but  it  would  be  out  of  place  here  to  enu- 
merate them. 

Another  fertile  source  of  electricity,  recorded  by  various 
writers,  is  to  be  found  in  the  human  body  on  taking  off  a  part 
of  the  dress.  The  electricity  so  produced  has  been  the  sub- 
ject of  much  investigation,  and  has  been  tested  by  the  elec- 
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troscope  in  a  variety  of  ways.  In  all  these  latter  cases,  however, 
the  cause  seems  to  have  been  rather  in  the  friction  of  the 
garment  upon  the  skin  or  hair.  These  effects  therefore  should 
hardly  be  enumerated  under  the  head  of  Animal  Electricity. 

There  is,  however,  undoubtedly  a  very  fertile  source  of  elec- 
tricity in  the  bodies  of  certain  fishes,  produced  independently 
of  friction.  This  power  is  often  very  intense,  so  much  so  as 
to  deprive  smaller  animals  of  their  life,  and  to  stun  or  render 
powerless  for  the  time  being  even  larger  animals,  such  as  the 
horse. 

Amongst  the  most  remarkable  of  this  class  of  animals  may 
be  enumerated  the  raia  torpedo,  gymnotus  electricus,  silurus 
electricus,  trichiurus  electricus,  and  tetraodon  electricus. 

Redi,  in  1678,  gives  an  account  of  certain  imperfect  obser- 
vations of  fishermen  on  the  raia  torpedo. 

Kempfer,  in  1702,  also  describes  some  experiments  he  made 
on  the  same  fish. 

Mr.  Walsh,  in  1773  and  1775,  published  some  important 
papers  on  this  subject,  and  was  the  first  to  prove  the  electrical 
origin  of  the  power  emitted.  In  one  of  his  experiments  he 
caused  the  shocks  to  be  transmitted  through  a  chain  of  five 
persons. 

In  1773,  Dr.  Ingenhous  made  other  similar  experiments. 

Spallanzani  also  followed  in  the  same  course  of  experiments, 
and  proved  that  even  the  foetus  of  the  torpedo  possessed  this 
remarkable  property. 

More  recent  experiments  were  made  by  MM.  Humboldt  and 
Gay-Lussac.  They  have  proved  that  the  least  injury  to  the 
brain  of  the  animal  destroyed  at  once  its  power  of  producing 
these  shocks.  A  series  of  numerous  facts  as  to  the  passage 
and  peculiarity  of  the  power  are  recorded  by  them. 

In  1773,  the  celebrated  Hunter  published,  in  the  '  Philoso- 
phical Transactions/  the  anatomical  structure  of  this  fish, 
showing  the  position  of  the  electric  organs. 

In  a  fish  18  inches  long,  it  was  found  that  the  number  of 
columns  composing  each  organ  amounted  to  470. 
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In  a  very  large  torpedo,  found  on  the  British  coast,  which 
which  was  4£  feet  long,  and  weighed  73  pounds,  the  number 
of  columns  in  each  organ  amounted  to  1182 — a  battery  power 
of  no  despicable  order. 

It  appears  also,  that  the  magnitude  and  number  of  nerves  in 
this  animal  are  very  far  greater  than  those  supplied  to  any 
other  animal  whatever ;  and  it  is  also  evident  from  the  experi- 
ments, that  the  power  of  transmitting  these  powerful  shocks 
of  electricity  is  controlled  and  regulated  by  the  will  of  the 
animal. 

Similar  remarks  may  be  applied  to  the  other  fishes  above 
mentioned. 

Among  the  list  of  labourers  in  these  investigations  may  be 
mentioned  the  names  of  M.  Richer,  Redi,  Schilling,  Dr.  Hun- 
ter, Mr.  "Walsh,  Dr.  Williamson,  Humboldt,  and  M.  Geoffrey. 

The  subject  of  the  spontaneous  production  of  electricity  by 
animals  would  not  have  been  introduced  in  this  work  except 
for  the  purpose  of  showing  the  very  remarkable  fact,  that,  how- 
ever difficult  it  is  found  in  practice  for  man  to  transmit,  artifi- 
cially, currents  of  electricity  from  any  kind  of  electric  apparatus 
wholly  submersed  in  water,  yet  Nature,  in  her  sublime  work- 
ings, finds  no  difficulty  whatever  in  so  doing.  The  philosopher 
is  thus  invited  to  careful  study  and  deep  investigation.  The 
day  may  come  when  this  mode  of  action  in  the  animal  king- 
dom will  be  better  understood  than  it  is  now,  and  then  proba- 
bly will  be  discovered  a  means  of  constructing  submarine 
telegraphs,  without  any  insulation  of  the  wires :  and  who  shall 
say  whether  such  a  discovery  would  not  satisfactorily  solve 
the  problem  of  communicating  instantaneously  between  Great 
Britain  and  America  ? 

ELECTRICITY    FROM    OTHER    SOURCES. 

The  foregoing  are  the  principal  sources  whence  electricity  in 
large  quantities  may  be  obtained,  but  they  are  by  no  means 
the  only  ones.  This  subtile  power  of  Nature  may  be  produced 
by  a  variety  of  other  methods. 
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MM.  Lavoisier  and  La  Place  have  demonstrated  that  bodies 
in  passing  from  the  solid  or  the  liquid  state  to  that  of  vapour, 
and  conversely  from  the  aeriform  to  the  liquid  or  solid  state, 
show  unequivocal  signs  of  the  presence  of  electricity. 

Another  source  of  electricity  is  to  be  found  in  the  pressure 
of  certain  crystals. 

Thus,  for  instance,  Iceland  spar,  on  being  subjected  to  pres- 
sure in  certain  directions,  shows  evident  symptoms  of  electric 
action,  and  affects  the  galvanoscope  accordingly. 

Amongst  the  various  bodies  which  possess  this  property  are 
Iceland  spar, — topaz, — euclase, — arragonite, — fluate  of  lime, 
— carbonate  of  lead, — elastic  feitumen,  and  other  substances. 

The  atmosphere  is  also  another  very  fertile  source  whence 
electricity  may  be  derived. 

Setting  aside  those  magnificent  natural  displays  of  the  elec- 
tric action,  viz.  the  thunder-storm  and  the  aurora  borealis,  not 
a  cloud  passes  over  our  heads  but  the  electric  equilibrium  of 
the  earth  below  is  affected  thereby. 

In  some  states  of  the  weather,  and  in  certain  fogs,  an  insu- 
lated rod  extending  high  into  the  atmosphere,  with  a  range  of 
exploring  wire  attached  to  it,  will  bring  down  torrents  of  the 
electric  fluid.  It  is  a  remarkable  fact  too,  that  the  power 
within  a  few  minutes  changes  from  positive  to  negative,  and, 
vice  versd,  from  negative  to  positive. 

Whatever  may  be  the  nature  of  this  marvellous  power,  we 
know  not.  We  observe  its  effects, — we  record  its  actions, — 
we  test  its  presence, — we  find  it  everywhere,  but  we  know  not 
what  it  is.  Scarcely  an  atom  of  matter  can  move  from  its 
fellow  atom  but  an  electric  current  may  be  detected  ;  and  yet, 
of  the  nature  of  this  current  we  are  entirely  ignorant. 

The  above  is  a  brief  description  of  a  few  of  the  many 
sources  of  obtaining  that  power  which  circulates  as  the  life- 
blood  in  the  electric  telegraph. 

To  have  attempted  to  have  gone  further  into  this  part  of 
the  subject  wrould  have  been  out  of  place,  and  would  only 
have  extended  this  little  treatise  beyond  the  limits  allowed, 
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without  in  any  way  rendering  it  possible  to  have  done  justice 
to  the  investigation. 

Those  who  wish  to  know  more,  either  theoretically  or  prac- 
tically, in  this  most  interesting  science,  are  referred  to  the 
many  excellent  works  already  published  on  the  subject. 

It  is  proposed,  therefore,  to  pass  on  to  the  consideration  of 
the  means  employed  for  making  the  presence  of  electricity 
discernible  at  a  distant  point. 

THE    MEANS    EMPLOYED    FOR    MAKING    THE     PRESENCE    OF 
THE    ELECTRIC    POWER    COGNIZABLE    TO    THE    SENSES. 

It  would  perhaps  appear  to  kave  been  more  regular  if  the 
means  employed  to  convey  the  current  to  a  distant  point  had 
been  now  considered,  instead  of  proceeding  to  discuss  the 
expedients  employed  at  that  distant  point  to  record  the  pre- 
sence of  the  current. 

But  it  was  not  until  the  effects  produced  by  electricity  were 
well  known,  that  the  desire  appeared  to  ascertain  how  great  a 
distance  might  intervene  between  the  generation  of  the  power 
and  the  effects  produced. 

It  is  thought  therefore  best  to  follow  this  course  in  the  fol- 
lowing remarks  on  the  electric  telegraph :  the  more  so  is  this 
deviation  justified,  as  this  order  was  in  fact  the  one  in  which ' 
the  invention  of  the  electric  telegraph  was  made. 

No  sooner  had  the  sulphur  ball  of  Guericke,  the  glass  globe 
of  Hawkesbee,  and  the  glass  cylinder  of  Gordon,  been  used, 
than  ready  means  were  furnished  of  trying  experiments  on  an 
extended  scale;  and  when  the  Leyden  jar  was  invented,  the 
apparatus  for  research  became  almost  perfect. 

The  very  first  notice  that  we  have  of  the  effects  produced  by 
electricity  consists  in  its  power  of  attracting  light  substances, 
as  bits  of  straw,  &c.  Such  effects  are  said  to  have  been 
described  by  Thales,  some  600  years  before  the  Christian  era. 

To  Dr.  Gilbert,  however  (A.D.  1600),  is  due  great  credit  for 
the  multiplicity  of  his  experiments  on  this  head. 

In  order  to  test  the  effects  of  the  various  bodies,  Dr.  Gilbert 
brought  them  to  the  end  of  a  light  needle  oi  any  .metal, 
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balanced  and  turning  freely  on  a  pivot,  like  a  magnetic 
needle. 

Otto  Guericke  clearly  demonstrated  that  a  light  body,  after 
it  had  by  attraction  been  brought  into  contact  with  an  excited 
electric,  was  repelled  by  it.  He  also  found  that  if  light  bodies 
were  suspended  within  the  sphere  of  action  of  an  excited  elec- 
tric, they  themselves  became  possessed  of  electrical  excitation. 

Now  this  property  is  one  which  was  employed  in  one  of  the 
first  electric  telegraphs  at  work  in  this  kingdom,  viz.  in 
Ronalds' s :  in  this  telegraph  two  pith -balls  were  made  to 
diverge  by  electricity  when  desired,  and  thus  to  denote  the 
signals  desired. 

It  should  be  remarked,  that  up  to  the  year  1 720,  attraction 
and  repulsion  were  considered  as  the  only  absolute  proofs  of 
the  presence  of  electricity,  although  it  had  also  long  been 
observed  that  light  was  produced  by  electrical  excitation. 

For  some  time  the  minds  of  philosophers  seemed  to  have 
been  devoted  to  the  production  of  as  powerful  an  electric  spark 
as  possible.  Thus  we  have  Boze,  Winkler,  Gordon,  and 
Ludolf  of  Berlin,  all  labouring  with  this  end  in  view, — the 
principal  object  appearing  to  be  to  set  inflammable  substances 
on  fire  thereby. 

Ludolf  of  Berlin  was  the  first  to  accomplish  this  :  he  suc- 
ceeded in  setting  on  fire  a  highly  inflammable  spirit. 

The  noise  made  by  this  firing  of  a  spirit  was  employed  in 
1816  in  Ronalds' s  electric  telegraph,  for  the  purpose  of 
calling  attention  previously  to  the  communication  of  intelli- 
gence. 

The  passage  of  the  electric  spark  was  used  by  Reizen,  in 
1794,  as  the  means  of  designating  any  of  the  letters  of  the 
alphabet. 

Another  mode,  in  which  frictional  electricity  was  proposed 
to  be  used,  was,  by  separating  the  conducting  wire  and  passing 
a  strip  of  paper  uniformly  between  the  severed  ends  thereof. 
When  a  charge  from  a  Leyden  phial  or  battery  was  passed 
through  the  circuit,  a  hole  was  pierced  through  the  paper. 
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The  Rev.  H.  Highton,  in  1844,  proposed  and  patented  a  plan 
of  telegraph  on  this  principle. 

We  will  now  pass  on  to  the  means  used  when  galvanic 
electricity  was  employed  for  rendering  its  presence  discernible 
by  the  senses. 

(Ersted,  in  1819,  discovered  that  a  magnetic  needle  deli- 
cately suspended  in  proximity  to  a  conductor  through  which 
an  electric  current  was  passing  had  a  tendency  to  place  itself 
at  right  angles  to  such  a  conductor.  The  application  of  this 
principle  to  the  electric  telegraph  has  been  almost  universally 
adopted  in  this  kingdom,  and  most  extensively  employed  in 
other  parts  of  the  world. 

To  Ampere  is  due  the  discovery  that  a  wire  through  which 
a  galvanic  current  is  passing  may  be  made  to  assume  all  the 
properties  of  the  magnet  itself.  This  induced  magnetic 
power  was  found  to  cease  the  instant  that  the  current  was 
arrested. 

M.  Arago  also,  at  the  same  time,  published  the  fact  that 
iron  filings  were  attracted  by  such  galvanic  wire,  and  that  the 
wire  had  thereby  the  power  given  to  it  of  producing  tem- 
porarily, in  iron,  magnetic  properties  that  did  not  previously 
exist  in  it.  In  this  way  M.  Arago  showed  that  the  wire  had 
the  effect  of  permanently  magnetizing  a  needle  of  steel. 

Many  of  these  experiments  were  conducted  jointly  by  MM. 
Arago  and  Ampere.  These  philosophers  investigated  the 
action  of  coils  and  helices  of  wire,  and  at  length  demonstrated 
that  a  helix  of  wire  with  a  current  of  electricity  passing 
through  it  may  be  made  to  produce  all  the  effects  of  the 
magnet  itself. 

Sir  Humphry  Davy  at  this  time  commenced  a  long  series  of 
experiments,  which  have  proved  of  the  greatest  value  to  the 
science.  Very  few  new  facts,  however,  seem  to  have  been 
brought  to  light  by  him  which  have  special  reference  to  the 
effects  produced  by  the  electric  currents  in  order  to  mark  its 
presence  on  its  passing  through  a  conductor,  aijd  to  make  the 
same  cognizable  to  the  senses. 
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In  1821,  Faraday  commenced  a  series  of  most  important 
experiments.  With  the  advantages  he  possessed  in  having 
at  his  command  a  most  extended  and  powerful  apparatus,  he 
produced  results  highly  beneficial  to  the  advancement  of  the 
science. 

The  great  discoveries  of  Faraday,  at  this  date,  were  confined 
principally  to  the  relative  directions  and  powers  of  the  electric 
and  the  induced  magnetic  forces. 

About  this  period  many  German  philosophers  and  others 
repeated  and  extended  the  experiments  of  (Ersted  and  Am- 
pere,— amongst  whom  may  be  enumerated  the  names  of  M . 
le  Chev.  Yelin,  M.  Brockman,  M.  Van  Beek,  M.  De  la  Rive, 
M.  Moll,  Mr.  Barlow,  Mr.  Gumming,  and  others. 

Mr.  Gumming,  in  April,  1821,  appears  to  have  been  the  first 
to  notice  the  increased  effects  of  a  convolution  of  wire  around  the 
magnetic  needle,  and  thus  to  produce  the  arrangement  known 
as  the  galvanometer.  This  arrangement  was  subsequently 
adopted  by  Professor  Wheatstone  in  his  first  electric  tele- 
graph. The  discovery  of  one  of  the  most  important  parts, 
however,  of  the  electric  telegraph  remains  yet  to  be  described. 

To  the  late  Mr.  Sturgeon  is  due  the  discovery  of  the  electro- 
magnet. Mr.  Sturgeon  was  the  first  to  discover  that  if  a  bar 
of  soft  iron  be  surrounded  with  coils  of  wire,  and  an  electric 
current  be  transmitted  in  the  same  direction  through  each 
convolution,  that  the  soft  iron  bar  instantly  becomes  a  magnet, 
and  is  capable  of  attracting  other  pieces  of  soft  iron  or  steel, 
and  that  it  remains  magnetic  so  long  as  the  electric  current 
is  passing  through  the  coils ;  and  that  as  soon  as  the  current 
ceases,  the  bar  instantly  loses  its  magnetic  condition,  and  no 
longer  attracts  pieces  of  adjacent  iron  or  steel. 

This  property  of  iron  becoming  magnetic  under  the  above 
conditions  has  entered  more  or  less  into  almost  every  form  of 
electric  telegraph  since  the  above  period,  and  is  one  of  its 
most  valuable  component  parts. 

Another,  and  perhaps  not  less  important,  effect  produced  by 
the  electric  current,  as  applicable  to  telegraphic  purposes,  is 
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the  decomposition  of  water  and  other  similarly  constituted 
substances,  when  a  current  of  electricity  is  made  to  pass 
through  them. 

Dr.  Lardner,  in  his  treatise  on  Electricity,  says  — "  The 
invention  of  the  pile  had  been  scarcely  more  than  hinted  at, 
when  that  course  of  electro-chemical  investigations  began, 
which  soon  led  to  the  magnificent  discoveries  of  Davy,  and  the 
series  of  experimental  researches  which  have  been  continued 
up  to  the  present  time  with  results  so  remarkable  by  those 
who  succeeded  to  him.  The  first  four  pages  only  of  the  letter 
of  Volta  to  Sir  Joseph  Banks  were  despatched  on  the  20th 
March,  1800 ;  and  as  these  were  not  produced  in  public  till 
the  receipt  of  the  remainder,  the  letter  was  not  read  at  the 
Royal  Society,  or  published,  until  the  26th  June  following. 
The  first  portion  of  the  letter,  in  which  was  described  generally 
the  formation  of  the  pile,  was  shown  in  the  latter  end  of 
April  by  Sir  Joseph  Banks  to  some  scientific  men,  and 
amongst  others,  to  Sir  Anthony  (then  Mr.)  Carlisle,  who  was 
engaged  at  the  time  in  certain  physiological  inquiries.  Mr. 
\V.  Nicholson  (the  conductor  of  the  scientific  journal  known 
as  Nicholson's  Journal)  and  Carlisle  constructed  a  pile  of 
seventeen  silver  half-crown  pieces  alternated  with  equal  discs 
of  copper  and  cloth  soaked  in  a  weak  solution  of  common  salt, 
with  which,  on  the  30th  of  April,  they  commenced  their 
experiments.  It  happened  that  a  drop  of  water  was  used  to 
make  good  a  contact  of  the  conducting  wire  with  a  plate  to 
which  the  electricity  was  to  be  transmitted ;  Carlisle  observed 
a  disengagement  of  gas  in  this  water,  and  Nicholson  recog- 
nized the  odour  of  hydrogen  proceeding  from  it.  In  order  to 
observe  this  effect  with  more  advantage,  a  small  glass  tube, 
open  at  both  ends,  was  stopped  at  one  end  by  a  cork,  and 
being  then  filled  with  water,  was  similarly  stopped  at  the  other . 
end.  Through  both  corks  pieces  of  brass  wire  were  inserted, 
the  points  of  which  were  adjusted  at  a  distance  of  an  inch  and 
three-quarters  asunder  in  the  water.  When  these  wires  were 
put  in  communication  with  the  opposite  ends  of  the  pile, 
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bubbles  of  gas  were  evolved  from  the  point  of  the  negative 
wire,  and  the  end  of  the  positive  wire  became  tarnished.  The 
gas  evolved  appeared  to  be  hydrogen,  and  the  tarnish  was 
found  to  proceed  from  the  oxidation  of  the  positive  wire.  It 
was  inferred  that  the  process  in  which  these  effects  were  pro- 
duced was  the  decomposition  of  the  water.  This  took  place 
on  the  2nd  of  May,  shortly  after  the  receipt  of  the  first 
portion  of  Volta's  letter." 

Experiments  were  then  tried  with  wires  of  various  metals, 
and  when  platinum  wire  was  used,  oxygen  gas  was  evolved 
from  the  one  wire,  and  hydrogen  from  the  other. 

Thus  was  the  decomposing  power  of  the  pile  established  in 
a  few  weeks  after  the  discovery  of  the  pile  itself. 

These  experiments  led  Cruickshanks,  of  Woolwich,  to  re- 
peat and  extend  them.  On  his  using  litmus  paper,  the  colour 
of  the  paper  was  changed  by  the  current. 

This  peculiarity  possessed  by  the  electric  current,  of  chang- 
ing by  decomposition  the  colour  of  bodies  submitted  to  its 
action,  has  been  variously  employed  in  the  electric  telegraph 
in  recording  the  transmission  of  electric  currents,  and  has  now 
become  one  of  the  means  of  carrying  on  a  correspondence 
by  means  of  electricity. 

Sir  Humphry  Davy  also  greatly  extended  by  his  valuable 
researches  our  knowledge  of  and  insight  into  this  remarkable 
peculiarity  of  the  action  of  electricity. 

Having  now  briefly  described  the  progress  of  discovery  with 
respect  to  various  methods  of  enabling  parties  to  record  tem- 
porarily or  permanently  the  presence  of  an  electric  current , 
we  will  now  pass  on  to  a  few  brief  remarks  on  the  means  em- 
ployed for  conducting  currents  of  electricity  from  one  point  to 
another  point  situated  at  a  distance  therefrom. 

ON    THE    MEANS    USUALLY    EMPLOYED    FOR    TRANSMITTING 
ELECTRICITY    TO    A    DISTANT    PLACE. 

It  is  evident  how  comparatively  valueless  for  the  purpose  of 
telegraphing  would  have  been  the  many  wonderful  discoveries 
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in  the  production  of  electricity,  if  means  were  not  to  be  found 
for  conveying  the  power  with  little  or  no  impediment  or  loss  to 
a  point  remote  from  its  source  or  origin. 

This  part  of  the  subject  for  a  long  period  occupied  the 
attention  of  many  of  those  engaged  in  the  science. 

It  was  found,  after  many  careful  experiments,  that  several 
substances  had  the  property  of  conveying  electricity  through 
them  with  but  a  very  slight  impediment  to  its  passage. 

The  metals  were  found  to  rank  highest  in  this  property. 
It  has  been  subsequently  discovered  that  all  bodies  are  con- 
ductors of  electricity,  more  or  less.  No  substance  is  at 
present  known  which  is  an  absolutely  perfect  non-conductor. 
With  all  bodies,  the  passage  through  them  of  a  definite  amount 
of  electricity  is  but  a  question  of  time. 

The  great  object  to  be  obtained  in  the  construction  of  an 
electric  telegraph  is,  to  give  the  greatest  possible  facility  for 
the  passage  of  the  power  to  a  particular  distant  station,  and  to 
throw  every  possible  obstacle  in  the  way  of  the  escape  of  any 
portion  of  the  power  in  any  other  direction  than  the  one 
desired. 

For  such  purpose,  the  most  perfect  conductors  are  used  for 
the  conveyance  of  the  power,  and  the  most  perfect  insulators . 
made  to  surround  such  conductors. 

The  following  Table  exhibits  the  conducting  power  of  several 
bodies  with  respect  to  electricity.  It  begins  with  the  most 
perfect  conductors  and  ends  with  those  which  are  the  least 
perfect  conductors.  The  properties,  therefore,  of  these  latter 
bodies  approximate  most  closely  to  that  of  non-conductors  or 
insulators.  The  exact  order,  however,  is  by  no  means  fully 
substantiated  as  yet,  and  the  Table  must  therefore  only  be 
taken  as  a  general  guide. 

All  the  metals,  viz. 

Silver,  Zinc, 

Copper,  Tin, 

Gold,  Platinum, 

Brasa,  Palladium, 
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Iron  and 

Lead, 

Well-burnt  charcoal, 

Plumbago, 

Concentrated  acids, 

Powdered  charcoal. 

Dilute  acids, 

Saline  solutions, 

Metallic  ores, 

Animal  fluids, 

Sea-water, 

Spring-water, 

Rain-water, 

Ice  above  13°  Fahrenheit, 

Snow, 

Living  vegetables, 

Living  animals, 

Flame, 

Smoke, 

Steam, 

Salts  soluble  in  water, 

Rarefied  air, 

Vapour  of  alcohol, 

Vapour  of  ether, 

Moist  earths  and  stones, 

Powdered  glass, 

Flowers  of  sulphur, 

Dry  metallic  oxides, 

Oils — the  heaviest  the  best, 

Ashes  of  vegetable  bodies, 

Ashes  of  animal  bodies, 

Many  transparent  crystals,  dry, 

Ice  below  13°  Fahrenheit, 

Phosphorus, 


Lime, 

Dry  chalk, 

Native  carbonate  of  barytes, 

Lycopodium, 

Gum  elastic, 

Camphor, 

Some  silicious  and  argillaceous 

stones, 
Dry  marble, 
Porcelain, 

Dry  vegetable  bodies, 
Baked  wood, 
Dry  gases  and  air, 
Leather, 
Parchment, 
Dry  paper, 
Feathers, 
Hair, 
Wool, 
Dyed  silk, 
Bleached  silk, 
Raw  silk, 

Transparent  gems, 
Diamond, 
Mica, 

All  vitrifications, 
Glass, 
Jet, 
Wax, 
Sulphur, 
Resins, 
Amber, 
Shell-lac. 


Since  the  above  Table  was  arranged,  gutta  percba  bas  been 
discovered,  and  has  been  found  to  be  one  of  the  most  perfect 
of  the  so-called  non-conductors. 

Dr.  Desaguiliers  devoted  considerable  attention  to  this  part 
of  the  subject,  from  the  time  of  the  labours  of  Grey  until  the 
year  1742.  He  was  the  first  who  applied  the  term  conductors 
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to  bodies  through  which  electricity  passed  with  comparative 
freedom.  He  showed  also  that  the  conducting  power  of 
animal  substances  was  due  to  the  fluids  that  they  contained. 

Dr.  Watson  also  proved,  experimentally,  that  a  shock  could 
he  passed  with  great  facility  through  a  great  number  of  men 
at  the  same  instant  of  time. 

The  attention  of  philosophers  was  now  directed  to  ascertain 
to  what  distance  the  shock  could  be  transmitted. 

At  Paris,  M.  Nollet  transmitted  a  shock  through  180  soldiers. 
He  also  formed  a  chain  measuring  5400  feet  by  means  of  iron 
wires  extending  between  every  two  persons  :  the  whole  company 
received  the  shock  at  the  same  time. 

A  discharge  from  the  Ley  den  jar  was  also  effected  through 
circuits  of  900  and  2000  toises  in  length,  and  in  one  experiment 
the  basin  of  water  in  the  Tuileries  formed  part  of  the  circuit. 
It  was  in  England,  however,  that  experiments  on  this  subject 
were  made  on  a  more  extended  scale. 

Dr.  Watson  stretched  a  wire  across  the  Thames  over  West- 
minster Bridge.  One  of  the  extremities  of  this  wire  commu- 
nicated with  the  exterior  of  a  Leyden  jar,  and  the  other  was 
held  by  a  person  in  one  of  his  hands,  while  the  other  hand 
grasped  an  iron  rod.  Another  person  on  the  opposite  side  of 
the  river  grasped  a  wire  communicating  with  the  interior  of 
the  jar.  The  moment  the  first-named  person  dipped  the  rod 
into  the  river,  the  current  passed,  and  both  persons  received 
the  shock.  This  appears  to  be  the  first  time  that  a  circuit 
composed  partly  of  wire  and  partly  of  the  earth  was  used  for 
transmitting  currents  of  electricity. 

The  next  experiment  was  made  by  Dr.  Watson  at  Stoke 
Newington,  near  London,  where  a  circuit  of  nearly  two  miles 
was  used.  This  circuit,  as  in  the  former  case,  was  made  up 
partly  of  wire  and  partly  of  the  earth,  the  wire  being  in  one 
case  2800  feet  long,  and  an  equal  distance  intervening  through 
the  earth.  It  was  found,  too,  that  the  effect  was  the  same 
whether  the  rod  was  only  dipped  into  water  or  driven  into  the 
earth. 
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Similar  experiments  were  tried  at  Highbury  in  1744,  and 
finally  at  Shooters'  Hill  in  August,  1 747.  In  the  experiments 
at  Shooters'  Hill  the  wire  was  10,500  feet  long,  the  observers 
being  thus  separated  by  a  distance  of  two  miles.  The  wires 
were  supported  on  posts  of  wood.  The  whole  circuit  was 
therefore  four  miles  long,  being  composed  of  two  miles  of 
wire  and  two  miles  of  earth. 

It  now  became  a  well-known  fact  that  electricity  COULD  be 
transmitted  over  a  very  considerable  distance  by  means  of  an 
insulated  wire,  and  that  the  eifects  produced  in  every  part  of 
the  circuit  were,  if  not  absolutely  instantaneous,  yet  practically 
so  to  all  intents  and  purposes.  No  more  experiments  were 
therefore  needed  to  confirm  these  simple  facts.  It  was  abso- 
lutely necessary,  however,  for  these  facts  to  be  proved,  before 
an  electric  telegraph  could  be  treated  as  practically  possible. 

In  1837,  Dr.  Steinheil  used  no  less  than  7  miles  of  wire  for 
his  telegraph  at  Munich. 

In  1839,  Dr.  O'Shaughnessy  conducted  an  extensive  series 
of  experiments  in  India,  with  the  view  to  ascertain  the  most 
suitable  form  of  electric  telegraph  for  that  country.  To  Drs. 
Steinheil  and  O'Shaughnessy  is  due  the  carrying  out  of  Dr. 
Watson's  method,  now  so  generally  adopted  in  Great  Britain 
and  America,  viz.  of  suspending  the  telegraphic  wires  in  the 
air  from  post  to  post.  Dr.  O'Shaughnessy  erected  for  his 
telegraphs  no  less  than  twenty-two  miles  of  wire :  the  wires 
were  of  iron.  They  were  fastened  to  poles  of  bamboo,  fifteen 
feet  out  of  the  ground,  and  were  made  to  hang  at  distances 
from  each  other  of  about  twelve  inches.  Dr.  Steinheil  had 
also  7  miles  of  wire,  which  was  partly  of  copper  and  partly 
of  iron.  In  Dr.  Steinheil' s  telegraph  the  wires  were  four  feet 
one  inch  apart. 

These  important  experiments  of  Dr.  Watson,  Dr.  O'Shaugh- 
nessy, and  Dr.  Steinheil  set  the  matter  completely  at  rest,  and 
rendered  the  idea  of  communicating  intelligence  between  distant 
points,  by  means  of  electricity,  no  longer  chimerical  or  doubtful, 
but  a  matter  of  absolute  certainty. 

B  5 
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The  various  discoveries  enumerated  above  furnish  therefore 
all  the  materials  necessary  for  the  formation  of  an  electric 
telegraph.  Each  inventor  has,  since  such  period,  turned  to 
this  common  stock  of  knowledge  for  the  materials  wherewith 
to  build  up  his  particular  arrangements  of  telegraphic  apparatus. 
One  inventor  has  employed  electricity  produced  by  friction, 
another  galvanic  electricity,  and  a  third  magneto-electricity, 
and  so  on ;  and  then  each  has  used  the  apparatus  most  suited 
for  the  employment  of  the  electricity  so  generated. 

Having  thus  briefly  noticed  the  discovery  of  the  various 
component  parts  of  an  electric  telegraph,  it  is  proposed  to 
proceed  now  to  deal  with  the  electric  telegraph  as  a  whole,  and 
to  notice  as  concisely  as  possible  the  particular  arrangements 
recommended  by  various  persons  for  the  construction  of  a 
complete  electric  telegraph. 

FIRST    PRINCIPLES    OF    AN    ELECTRIC    TELEGRAPH. 

It  is  evident  from  the  foregoing  that  if  a  wire  were  made  to 
extend  between  London  and  Liverpool,  and  were  insulated 
from  the  earth  all  the  way  between  those  two  points,  and  if 
the  ENDS  of  such  wire  were  made  to  dip  into  the  earth  both  at 
London  and  at  Liverpool,  that  such  wire  would  form  a  proper 
channel  for  the  transmission  of  an  electric  current  from  either 
London  to  Liverpool  or  Liverpool  to  London.  Suppose  there- 
fore in  the  annexed  figure  that  A  B  represents  such  wire,  and 


London.  Liverpool, 

E  E'  the  respective  earth  connections  at  London  and  Liverpool ; 
then  if  the  wire  be  severed  in  two  at  A,  and  the  two  severed 
ends  be  joined  respectively  with  the  two  poles  of  a  galvanic 
battery,  as  shown  in  the  following  figure,  it  is  evident  that  a 
positive  current  would  flow  from  p  to  E,  and  a  negative  current 
from  N  through  B  to  the  earth  at  E',  and  that  it  would  return 
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by  the  earth  from  E'  to  E,  so  as  to  complete  its  circuit  and 
affect  the  apparatus  in  such  circuit. 

Again,  if  the  positive  pole  p  had  been  joined  to  the  portion 
of  wire  extending  to  Liverpool,  and  the  negative  pole  to  the 


Galvanic  battery. 

portion  A  at  London,  it  is  obvious  that  a  positive  current  would 
pass  to  the  earth  at  Liverpool  and  a  negative  one  to  the  earth 
in  London  ;  and  therefore  that  opposite  electrical  effects  would 
have  been  produced  on  all  instruments  placed  in  the  circuit  of 
such  wires. 

Now,  instead  of  turning  the  galvanic  battery  p  N  round,  and 
thus  connecting  either  the  one  pole  or  the  other  with  the 
severed  ends  of  the  wire  A  B,  it  is  evident  that  if  the  wire  at  such 
point  of  severance  were  joined  to  two  keys  in  connection  with 
the  battery,  and  which  keys  were  so  arranged  that  the  pressing 
of  one  down  caused  a  positive  current  to  progress  to  Liverpool 
and  a  negative  one  to  London,  and  the  pressing  of  the  other 
down  produced  the  contrary  action,  that  by  means  of  pressure 
upon  either  of  two  such  keys  either  a  positive  or  a  negative 
current  of  electricity  might  be  sent,  as  desired. 

Again,  if  we  suppose  that  when  neither  of  such  keys  is 
pressed  down,  the  ends  of  the  severed  wire  at  A  (by  very 
simple  mechanical  means)  are  allowed  to  unite  metallically, 
the  wire  then  becomes,  electrically  speaking,  as  it  were  un- 
broken or  whole  again.  It  might  therefore,  in  the  same  manner, 
be  severed  at  B,  and  the  poles  of  another  battery  placed  there 
might  be  attached  to  such  severed  ends  at  B,  and  by  means  of 
similar  keys  either  a  positive  or  negative  current  of  electricity 
transmitted  from  Liverpool  to  London. 

Such  arrangement  would  enable  a  party  at  either  London  or 
Liverpool  to  cause  currents  of  electricity  to  traverse  the 
intervening  wire,  and  similarly  with  respect  to  any  number 
of  intermediate  stations  placed  in  such  circuit. 
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Now  if  at  both  London  and  Liverpool  we  put  a  coil  of  wire 
in  the  line  circuit,  as  shown  in  the  annexed  figure,  and  make 
such  coil  surround  a  magnetic  needle  N  s  fixed  on  a  moveable 
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axle,  it  is  evident  that  when  a  current  of  positive  electricity- 
traverses  the  wire,  the  top  of  the  needle  will  move  in  one 
direction,  and  when  a  negative  current  is  sent,  it  will  move  in 
the  other  direction.  If,  then,  such  coil  or  needle  be  placed 
vertically,  the  top  of  the  needle  will  move  to  the  right  by  the 
one  current  and  to  the  left  by  the  other  current. 

This  being  clearly  understood,  it  is  evident  that  if  one 
movement  to  the  right  represent  the  letter  A,  two  successive 
movements  to  the  right  might  represent  J5, — three  movements 
(7,  and  so  on ;  and  if  one  movement  to  the  left  represented  M, 
— two  movements  to  the  left  might  represent  N, — three  move- 
ments 0,  and  so  on  ;  and  if  one  movement  to  the  right, 
followed  rapidly  by  one  movement  to  the  left,  represented  S, 
— two  of  such  movements  might  represent  T\  and  that  by. 
commencing  with  a  movement  to  the  left  and  following  it  by  a 
movement  to  the  right,  another  letter  might  be  designated,  and 
so  on,  with  the  various  numbers  of  movements  to  the  right  or 
to  the  left ;  and  with  the  combinations  of  one,  two,  three,  or 
four  of  such  movements  in  one  direction  with  one  or  more 
movements  in  the  other  direction,  all  the  letters  of  the 
alphabet  could  be  designated. 

Again,  if  instead  of  using  a  magnetic  needle  and  coil,  an 
electro-magnet  had  been  employed  with  a  moveable  armature, 
it  is  evident  that  on  sending  a  current  the  armature  of  such 
electro-magnet  would  be  attracted  to  the  electro- magnet,  and 
if  a  pricker  or  marker  were  affixed  to  such  armature  and  a 
piece  of  paper  also  were  made  to  move  near  to  such  marker, 
every  movement  of  the  curvature  caused  by  the  electric  current 
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would  be  recorded  on  the  moving  paper  by  the  point  pressing 
against  or  going  through  the  paper ;  and  if  the  current  were 
continued  for  a  long  period,  the  length  of  the  scratch  or 
mark  would  be  proportionally  great.  By  a  combination  there- 
fore of  dots  and  long  and  short  marks,  all  the  letters  of  the 
alphabet  might  be  designated  in  this  way ;  or,  instead  of  an 
electro-magnet  being  employed,  the  current  of  electricity  might 
be  made  to  decompose  chemical  substances  on  a  piece  of  moving 
paper  and  change  the  colour  thereof.  This  would  give  the 
same  means  of  enabling  a  person  to  read  off  the  currents  sent, 
and  hence  to  understand  the  letters  or  signals  intended  to  be 
transmitted.  Similarly,  also,  with  respect  to  all  of  the  other 
enumerated  means  of  testing  the  presence  of  an  electric  current 
transmitted  through  a  conductor,  whether  it  be  made  to  move 
a  magnetic  needle,  to  mark  paper,  to  produce  sparks,  to 
liberate  mechanism,  to  remove  screens,  or  to  do  any  other 
pre-arranged  work. 

Let  us  now  see  how  the  above,  as  well  as  the  many  other 
plans  of  ascertaining  the  presence  of  an  electric  current  in  the 
conducting  wire,  have  been  employed  by  various  parties  for  the 
purpose  of  telegraphic  communication. 

"We  will  first  describe  those  plans  proposed  prior  to  1838. 

TELEGRAPHS    INVENTED    PRIOR    TO    ANY    OF    THOSE 
WHICH    HAVE    BEEN    PATENTED. 

It  has  been  thought  well,  before  describing  the  plans  of 
telegraph  which  have  from  1837  to  the  present  time  formed 
the  subject  of  patents  in  this  kingdom,  to  notice  briefly  the 
principal  features  of  the  many  telegraphs  which  preceded  those 
for  which  patents  were  granted. 

All  these  first  telegraphs  were  freely  given  to  the  world 
by  their  respective  inventors,  and  have  furnished  the  materials 
employed  by  late  patentees  for  their  telegraphs. 

It  is  clearly  very  difficult,  now  that  so  many  years  have 
elapsed  since  these  first  telegraphs  were  invented,  to  fix  the 
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precise  date  at  which  the  inventions  were  publicly  known  in 
this  and  other  kingdoms. 

The  invention  of  the  electric  telegraph  has,  in  different 
countries,  been  attributed  to  different  individuals.  Nothing, 
however,  can  be  more  incorrect  than  to  attribute  to  any  one 
man  the  invention  of  the  electric  telegraph,  as  so  many  eminent 
men  have  lent  a  helping  hand  in  adapting  the  wonderful 
discoveries  in  electricity  to  the  purpose  of  conveying  intel- 
ligence. If  to  any  single  person  the  honour  of  having 
" invented  the  electric  telegraph"  is  to  be  attributed,  it  surely 
ought  to  be  either  to  the  first  person  who  proposed  the  em- 
ployment of  electricity  for  telegraphic  purposes,  or  to  the  first 
person  who  did  practically  convey  intelligence  to  a  distant  point 
by  means  of  electricity.  If  so,  then  no  patentee  can  claim  the 
honour  of  inventing  The  Electric  Telegraph. 

But  to  proceed  with  a  short  summary  of  the  peculiar 
features  in  the  telegraphs  invented  prior  to  the  grant  of  the 
first  patent. 

BRIEF  SUMMARY  OF  TELEGRAPHS  PRIOR  TO 
THE  YEAR  1838. 

Lesarge,  in  1774,  employed  24  wires  and  a  pith-ball 
electrometer. 

Lomond,  in  1787,  employed  one  wire  and  a  pith-ball  electro- 
meter. 

Betancourt,  in  1787,  used  one  wire  and  a  battery  of  Leyden 
jars. 

Reizen,  in  1794,  had  26  wires:  the  letters  of  the  alphabet 
were  cut  out  in  pieces  of  tinfoil,  and  rendered  visible  by  sparks 
of  electricity. 

Cavallo,  in  1795,  used  one  wire ;  the  number  of  sparks  was 
made  to  designate  the  various  signals,  and  the  explosion  of  gas 
was  used  for  an  alarum. 

Salva,  in  179 6. — The  exact  particulars  of  this  telegraph  are 
doubtful. 
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In  all  the  above  plans,  high-tension  electricity  was  to  be 
employed. 

Soemmering's  telegraph,  of  1809  or  1811. — In  this  telegraph 
galvanic  electricity  was  used,  and  as  many  wires  were  em- 
ployed as  there  were  letters  or  signals  to  be  denoted.  The 
letters  were  designated  by  the  decomposition  of  water :  an 
alarum  was  also  added. 

Schwieger  employed  the  principle  of  Soemmering's  tele- 
graph, but  reduced  the  number  of  wires  to  two.  He  also  pro- 
posed the  printing  of  the  letters. 

Coxe's  telegraph,  in  1810. — Coxe  proposed  the  use  both  of 
the  decomposition  of  water  and  also  of  metallic  salts. 

Ronalds' s,  in  1816.  —  In  Ronalds' s  telegraph  high-ten- 
sion electricity  was  employed.  The  wires  used  were  laid 
under-ground  as  well  as  suspended  in  the  air.  A  pith-ball 
electrometer,  hung  before  a  clock -movement,  enabled  the  letters 
on  a  dial  to  be  read  off.  The  sounding  of  an  alarum  by  ex- 
ploding gas,  &c.  was  also  added. 

Ampere,  in  1820. — Ampere  employed  the  magnetic  needle, 
the  coil  of  wire,  and  the  galvanic  battery,  and  proposed  the 
use  of  as  many  wires  as  letters  or  signals  to  be  indicated. 

Tribaoillet,  in  1828. — Tribaoillet's  telegraph  required  but 
one  wire,  and  this  was  buried  in  the  earth.  A  galvanic  battery 
and  a  galvanoscope  were  employed. 

Schilling's  telegraph,  in  1832. —  Schilling  employed  five 
magnetic  needles  and  had  also  a  mechanical  alarum.  In 
another  telegraph  of  Schilling's  one  needle  and  one  wire  only 
were  used. 

Gauss  and  Weber,  1833. — In  the  telegraph  of  Gauss  and 
Weber  one  wire  and  one  needle  only  were  needed.  The  power 
employed  was  magneto- electricity. 

Taquin  and  Ettieyhausen,  in  1836. — The  particulars  of  the 
telegraph  of  these  parties  are  at  present  uncertain. 

SteinheiPs  telegraph,  1837. — This  telegraph  required  only 
one  wire  and  one  or  two  magnetic  needles.  The  power  used 
was  magneto-electricity.  Steinheil  had  a  printing  telegraph 
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as  well  as  a  means  of  telegraphing  by  sounds  produced  by 
electric  apparatus  striking  bells. 

Masson's  telegraph,  1837  and  1838. — In  this  telegraph 
magneto-electricity  was  employed  in  conjunction  with  magnetic 
needles. 

Morse's  telegraph,  1837. — Morse's  telegraph  was  a  printing 
or  recording  telegraph ;  it  required  only  one  wire,  and  galvanic 
electricity  was  used.  An  electro-magnet  of  iron  was  used  for 
attracting  an  armature,  to  which  was  attached  a  pricker  or  pen 
to  mark  paper,  which  was  made  to  pass  underneath  it. 

Tail's  telegraph,  1837. — This  was  a  telegraph  for  printing 
the  letters  of  the  alphabet.  One  wire  only  was  used.  Clock- 
work mechanism,  regulated  by  pendulums,  was  also  added. 

Davy's  telegraph,  1837. — In  this  telegraph  magnetic  needles 
and  coils  of  wire  were  used.  The  needles  removed  screens 
which  previously  rendered  the  letters  invisible. 

Alexander's  telegraph,  1837. — Thirty  magnetic  needles  and 
thirty  wires  were  required  in  this  plan.  Each  needle  removed 
a  screen  which  obscured  a  letter  painted  behind  it. 

Previous  to  1837  we  have,  therefore,  no  less  than  fifteen 
telegraphs,  and  in  1837  no  less  than  six  new  arrangements  of 
telegraphs,  exclusive  of  the  one  of  Messrs.  Cooke  and  Wheatr 
stone,  which  was  patented  in  June,  1837. 

DESCRIPTION  OF  TELEGRAPHS  PRIOR  TO  1838. 

LESARGE'S  TELEGRAPH. 

The  first  electric  telegraph  of  which  we  have  any  record  is 
that  of  Lesarge.  This  telegraph  was  established  at  Geneva  in 
1774  :  it  consisted  of  twenty-four  wires,  insulated  from  each 
other ;  each  wire  was  in  communication  with  a  pith-ball  electro- 
meter placed  at  the  distant  station.  On  sending  an  electric 
current  over  any  one  of  these  wires,  the  pith-balls  which  were 
attached  to  it  diverged,  and  thus  denoted  the  letter  or  symbol 
corresponding  or  affixed  to  that  electrometer.  In  this  way 
any  one  of  twenty-four  letters  or  signals  could  be  instantly 
designated  at  pleasure. 
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LOMOND'S  TELEGRAPH. 

The  next  telegraph  we  read  of  is  that  of  Lomond. 

This  telegraph  consisted  apparently  of  one  wire,  with  an 
electrical  machine  and  a  pith-ball  electrometer  at  each  end 
thereof. 

The  signals  were  given  by  the  divergence  of  the  pith-balls, 
arid  as  in  this  case  there  was  but  one  wire  with  one  electro- 
meter at  the  terminus,  the  different  signals  were  made  by  the 
number  and  variations  of  the  divergences.  It  also  appears 
that  this  telegraph  was  a  reciprocal  one,  i.  e.  that  the 
message  could  be  sent  from  either  terminus  and  received  at 
the  other,  and  similarly  with  respect  to  any  intermediate 
stations. 

A  short  account  of  this  telegraph  is  to  be  found  in  Young's 
( Travels  in  France,'  at  p.  979,  vol.  i.  4th  edit.  1787. 

The  telegraph  is  thus  described :  "  M.  Lomond  has  made 
a  remarkable  discovery  in  electricity.  You  write  two  or  three 
words  on  a  paper ;  he  takes  it  into  a  room,  and  turns  a  machine 
enclosed  in  a  cylindrical  case,  at  the  top  of  which  is  an  elec- 
trometer, a  small  fine  pith-ball ;  a  wire  connects  with  a  similar 
cylinder  and  electrometer  in  a  distant  apartment ;  and  his 
wife,  by  remarking  the  corresponding  motions  of  the  ball, 
writes  down  the  words  they  indicate,  from  which  it  appears 
that  he  has  formed  an  alphabet  of  motions.  As  the  length  of 
the  wire  makes  no  difference  in  the  effect,  a  correspondence 
might  be  carried  on  at  any  distance,  within  or  without  a  be- 
sieged town  for  instance,  or  for  objects  much  more  worthy  of 
attention  and  a  thousand  times  more  harmless." 

BETANCOURT'S  TELEGRAPH. 

In  the  same  year  in  which  this  description  was  published, 
Betancourt,  by  means  of  a  wire  extending  between  Aranjuez 
andv Madrid,  a  distance  of  twenty- six  miles,  transmitted  signals 
by  passing  discharges  of  electricity  from  a  battery  of  Leyden 
jars. 

The  full  particulars  of  this  kind  of  telegraph  the  author  has 
not  been  enabled  to  obtain,  but  enough  is  known  to  show  that 
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wires  of  considerable  length  were  employed  even  at  that  time 
to  enable  parties  to  transmit  telegraphic  signals  by  means  of 
electricity  to  places  at  a  considerable  distance. 

REIZEN'S  TELEGRAPH. 

The  first  notice  we  find  of  Reizen's  telegraph  is  inserted 
in  the  "Magazine  de  Voight/  in  1794.  His  plan  was  as 
follows :  As  many  wires  were  to  be  insulated  and  laid  in  glass 
tubes  to  a  distant  station  as  there  were  letters  of  the  alphabet 
or  different  signals  to  be  designated ;  each  wire  was  to  com- 
municate with  strips  of  metal  placed  upon  a  square  of  glass ; 
the  strips  of  metal  were  to  be  formed  in  the  shape  of  letters, 
and  instead  of  being  of  continuous  metal,  several  breaks  were 
to  intervene,  so  that  in  the  passage  of  the  electricity  a  bright 
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flash  would  be  seen  at  every  break.  Thus,  when  these  breaks 
in  a  letter  were  many,  and  a  current  was  passed  through,  the 
letter  appeared  illuminated  from  one  end  to  the  other.  A 
wire  of  the  telegraph  being  put  into  metallic  communication 
with  the  commencement  of  each  letter  or  symbol,  when  a  dis- 
charge was  sent  from  the  electrical  machine  or  from  a  Leyden 
jar  over  that  wire,  the  breaks  forming  the  letter  became 
illuminated,  and  hence  the  letter  was  made  visible.  In  this 
way  letter  after  letter  might  be  exhibited,  and  hence  a  cor- 
respondence carried  on  thereby. 

The  preceding  sketch,  showing  the  tinfoil  with  the  breaks 
therein,  will  explain  Reizen's  mode  of  communicating  intelli- 
gence by  means  of  electricity. 

CAVALLO'S   TELEGRAPH. 

Mons.  Cavallo,  in  his  'Traite  de  Electricite/  published  in 
1795,  gives  a  description  of  his  mode  of  conveying  intelligence 
by  means  of  electricity. 

His  plan  was  first  to  call  attention  by  means  of  the 
explosion  of  a  detonating  substance, — such  as  gunpowder,  a 
mixture  of  hydrogen  and  oxygen,  or  phosphorus, — and  then  to 
convey  the  intelligence  by  transmitting  a  number  of  sparks 
from  the  Leyden  jar  before  a  slight  pause.  The  letters  ancl 
signals  were  made  by  counting  the  number  of  sparks  so  sent 
before  a  pause. 

SALVA^S   TELEGRAPH. 

An  account  of  Dr.  Salva's  telegraph  was  given  to  the 
Academy  of  Sciences  at  Paris  in  1796 ;  and  in  November  of 
the  same  year,  the  '  Gazette  de  Madrid '  contained  an  article 
thereon.  The  article  runs  thus  :  "  The  '  Prince  de  la  Paix/ 
having  learned  that  M.  de  F.  Salva  had  read  at  the  Academy 
of  Sciences  a  memorial  of  an  application  of  electricity  to  the 
telegraph,  and  presented  at  the  same  time  an  electric  telegraph 
of  his  invention,  wished  to  examine  it ;  and,  charmed  with  its 
promptitude  and  the  facility  of  its  operations,  he  showed  it 
afterwards  to  the  King  and  to  the  Court,  when  it  per- 
formed equally  well. 


44  DESCRIPTION    OF   TELEGRAPHS 

"  After  this  experiment,  the  young  Don  Antonio  wished  to 
obtain  a  more  perfect  telegraph,  and  undertook  to  calculate 
the  force  of  the  electricity  required  to  work  a  telegraph  at 
different  distances  under  land  or  water. 

"  Some  useful  experiments  have  been  made,  which  we  shall 
speak  of  hereafter." 

The  'Magazine  de  Voight,'  in  reference  to  these  experi- 
ments, announced  two  years  afterwards  that  Don  Antonio  con- 
structed a  telegraph  upon  a  very  grand  scale  and  to  a  very 
great  extent.  It  also  states  that  the  same  young  Prince  was 
informed  at  night,  by  means  of  this  telegraph,  of  news  that 
highly  interested  him. 

It  appears  therefore  that  this  telegraph  was  no  chimera, 
but  one  that  was  capable  of  sending  a  very  considerable  amount 
of  information,  or  otherwise  it  could  not  have  transmitted  a 
piece  of  news. 

SOEMMERING'S  TELEGRAPH. 

Soemmering's  telegraph  appears  to  have  been  invented  in 
1809,  though  some  parties  give  to  it  the  date  of  1811. 

This  telegraph  was  the  first  in  which  the  pile  or  first  form 
of  the  galvanic  battery  was  used. 

Soemmering's  plan  was  as  follows  :  Insulated  wires  were  to 
be  laid  to  the  distant  station ;  these  wires  were  to  terminate  at 
the  receiving  station  in  gold  points,  which  were  to  dip  into. a 
glass  vessel  containing  acidulated  water;  each  gold  point  repre- 
sented a  letter  of  the  alphabet. 

At  the  transmitting  station  the  wire  terminated  with  me- 
chanical arrangements,  so  that  the  end  of  any  one  wire  could 
be  brought  into  metallic  contact  with  one  end  of  the  pile  or 
battery,  and  any  other  wire  with  the  other  end  of  the  battery. 
In  this  way  an  electric  current  could  be  sent  down  any  one  of 
the  wires,  and  return  by  any  other.  (This  principle  was  after- 
wards used  by  Professor  Wheatstone,  in  his  patent  of  1837, 
which  required  five  or  six  wires  for  each  telegraph.) 

When  a  current  was  so  sent  from  the  galvanic  pile  over 
any  two  wires,  the  gold  points  connected  with  those  two  wires 


PRIOR  TO  1838.  45 

at  the  distant  station  gave  off  bubbles  of  oxygen  and  hydro- 
gen gases ;  and  the  two  letters  corresponding  therewith  were 
thus  denoted.  If  another  wire  representing  0  (or  nothing) 
were  added,  it  is  evident  that  either  two  letters,  or  only  one, 
could  be  denoted  at  pleasure. 

From  the  experiments  made  by  Soemmering,  and  the  instan- 
taneous appearance  of  the  gas  when  the  battery  was  thrown 
into  the  circuit,  he  concluded  that  the  passage  of  the  power 
was  instantaneous.  He  also  found  that  the  addition  of  2000 
feet  of  wire  in  the  length  of  his  circuit  produced  little  or  no 
sensible  additional  resistance,  and  that  for  nearly  3000  feet  of 
wire,  the  decomposition  of  the  water,  and  the  appearance  of 
the  gas  at  the  distant  station,  commenced  instantaneously 
with  the  sending  of  the  current. 

Soemmering  used  in  his  apparatus  35  wires,  25  of  which  were 
for  the  letters  of  the  German  alphabet,  the  remainder  for  the 
9  numerals,  and  one  for  0.  The  wires  were  insulated  by 
means  of  silk.  This,  it  must  be  observed,  is  the  first  galvanic 
telegraph,  and  it  is  a  telegraph  by  which,  by  a  single  move- 
ment, any  one  or  any  two  letters  of  the  alphabet  could 
instantly  be  denoted. 

No  mention  was  made  at  the  time  of  the  means  to  be  em- 
ployed for  first  calling  the  attention  of  the  attendant  at  the 
distant  station,  but  Soemmering  afterwards  proposed  to  liberate 
a  wound-up  alarum  by  means  of  the  evolution  of  gas, — a  plan 
which  appears  to  have  been  patented  afterwards  by  Messrs. 
Cooke  and  Wheatstone  in  1837. 

The  following  is  Soemmering' s  own  description  of  his  tele- 
graph : 

"  My  telegraph  was  constructed  and  used  in  the  following 
manner  :  In  the  bottom  of  a  glass  reservoir,  in  the  following 
figure,  of  which  A  A  is  a  sectional  view,  are  35  golden  points 
or  pins,  passing  up  through  the  bottom  of  the  glass  reservoir, 
marked  A,  B,  c,  &c.,  which  are  marked  with  the  25  letters 
of  the  German  alphabet  and  the  ten  numerals.  The  35 
points  are  each  connected  with  an  extended  copper  wire,  sol- 
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dered  to  them,  and,  extending  through  the  tube  E  to  the  distant 
station,  are  there  soldered  to  the  35  brass  plates,  upon  the 
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wooden  bar,  K  K.  Through  the  front  end  of  each  of  the 
plates  there  is  a  small  hole,  i,  for  the  reception  of  two  brass 
pins,  B  and  c ;  one  of  which  is  on  the  end  of  the  wire  con- 
necting the  positive  pole,  and  the  other  the  negative  pole  of 
the  voltaic  column,  o.  Each  of  the  35  plates  is  arranged 
upon  a  support  of  wood,  K  K,  to  correspond  with  the  arrange- 
ment of  the  35  points  at  the  reservoir,  and  is  lettered  ac- 
cordingly. When  thus  arranged,  the  two  pins  from  the 
column  are  held  one  in  each  hand,  and  the  two  plates  being 
selected,  the  pins  are  then  put  into  their  holes  and  the  com- 
munication is  established.  Gas  is  evolved  at  the  two  distant 
corresponding  points  in  an  instant ;  for  example,  K  and  T. 
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The  peg  on  the  hydrogen  pole  evolves  hydrogen  gas,  and  that 
on  the  oxygen  pole,  oxygen  gas. 

ec  In  this  way  every  letter  and  numeral  may  be  indicated  at 
the  pleasure  of  the  operator.  Should  the  following  rules  be 
observed,  it  will  enable  the  operator  to  communicate  as  much 
if  not  more  than  can  be  done  by  the  common  telegraph. 

61  First  Rule.  As  the  hydrogen  gas  evolved  is  greater  in 
quantity  than  the  oxygen,  therefore  those  letters  which  the 
former  gas  represents  are  more  easily  distinguished  than  those 
of  the  latter,  and  must  be  so  noted.  For  example,  in  the 
words  containing  ak,  ad,  em,  ie,  we  indicate  the  letters  A,  a, 
e,  i,  by  the  hydrogen ;  k,  d,  m}  e,  on  the  other  hand,  by  the 
oxygen  poles. 

"  Second  Ride.  To  telegraph  two  letters  of  the  same  name, 
we  must  use  a  unit,  unless  they  are  separated  by  the  syllable. 
For  example,  the  word  anna  may  be  telegraphed  without  the 
unit,  as  the  syllable  an  is  first  indicated  and  then  na.  The  word 
nanni,  on  the  contrary,  cannot  be  telegraphed  without  the  use  of 
the  unit,  because  na  is  first  telegraphed,  and  then  comes  nn, 
which  cannot  be  indicated  in  the  same  vessel.  It  would,  how- 
ever, be  possible  to  telegraph  even  three  or  more  letters  at  the 
same  time  by  increasing  the  number  of  wires  from  25  to  50, 
which  would  very  much  augment  the  cost  of  construction  and 
the  care  of  attendance. 

"  Third  Rule.  To  indicate  the  conclusion  of  a  word,  the 
unit  1  must  be  used.  Therefore  it  is  used  vrith  the  last  single 
letter  of  a  word,  being  made  to  follow  the  ending  letter.  It 
must  also  be  prefixed  to  the  letter  commencing  a  word  when 
that  letter  follows  a  word  of  two  letters  only.  For  example : 
Sie  lebt  must  be  represented  Si,  el,  le,  bt;  that  is,  the  unit  1 
must  be  placed  after  the  first  e.  Er,  lebt,  on  the  contrary,  must 
be  represented  Er,  II,  eb,  t\ ;  that  is,  the  unit  1  is  placed 
before  the  L  Instead  of  using  the  unit,  another  signal  may,  be 
introduced,  the  cross  •)-  to  indicate  the  separation  of  syllables. 

"  Suppose  now  the  decomposing  table  is  situated  in  one  city, 
and  the  pin  arrangement  in  another,  connected  with  each  other 
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by  35  continuous  wires,  extended  from  city  to  city.  Then  the 
operator,  with  his  voltaic  column  and  pin  arrangement  at  one 
station,  may  communicate  intelligence  to  the  observer  of  the 
gas  at  the  decomposing  table  of  the  other  station. 

"The  metallic  plates  with  which  the  extended  wires  are 
connected  have  conical-shaped  holes  in  their  ends ;  and  the  pins 
attached  to  the  two  wires  of  the  voltaic  column  are  likewise 
of  a  conical  shape,  so  that  when  they  are  put  in  the  holes, 
there  may  be  a  close  fit,  preventing  oxidation  and  producing 
a  certain  connection.  It  is  well  known  that  slight  oxidation  of 
the  parts  in  contact  will  interrupt  the  communication.  The 
pin  arrangement  might  be  so  contrived  as  to  use  permanent 
keys,  which  for  the  35  plates  or  rods  would  require  70  pins. 
The  first  key  might  be  for  hydrogen  A ;  the  third  key  for 
hydrogen  B  ;  the  fourth  key  for  oxygen  B,  and  so  on. 

"  The  preparation  and  management  of  the  voltaic  column  is 
so  well  known  that  little  need  be  said,  except  that  it  should  be 
of  that  durability  as  to  last  more  than  a  month.  It  should 
not  be  of  very  broad  surfaces,  as  I  have  proved  that  six  of  my 
usual  plates  (each  one  consisting  of  a  Brabant  dollar,  felt,  and 
a  disc  of  zinc,  weighing  52  grains)  would  evolve  more  gas 
than  five  plates  of  the  great  battery  of  our  Academy.*  As  to 
the  cost  of  construction,  this  model,  which  I  have  had  the 
honour  to  exhibit  to  the  Royal  Academy,  cost  30  florins.  One 
line,  consisting  of  35  wires,  laid  in  glass  or  earthen  pipes,  each 
wire  insulated  with  silk,  making  each  wire  22,827  Parisian 
feet,  or  a  German  mile,  or  a  single  wire  of  788,885  feet  in 
length,  might  be  made  for  less  than  2000  florins,  as  appears 
from  the  cost  of  my  short  one." 

SCHWIEGER'S  TELEGRAPH. 

Schwieger  proposed,  that  instead  of  using  so  many  wires  as 
required  by  Soemmering,  the  number  should  be  greatly  re- 
duced. His  proposition  was  that  two  galvanic  piles  should  be 
used,  the  one  considerably  more  powerful  than  the  other  j  so 

*  Academy  of  Sciences  at  Munich. 
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that  at  one  time  the  weaker  one  might  be  used,  at  another  the 
stronger  one,  and  at  another  both  combined.  By  this  arrange- 
ment the  amount  of  gas  given  off  in  a  given  period  of  time  at 
the  distant  station  would  be  varied.  When  a  small  quantity 
of  gas  was  being  evolved,  one  letter  might  be  denoted,  and 
when  a  larger  volume  was  produced,  a  different  letter,  and  so 
on.  And  again,  if  the  periods  of  time  during  which  this  evo- 
lution of  gas  were  varied  also,  other  and  different  letters  might 
be  denoted.  In  this  way,  and  by  combinations  of  these  dif- 
ferent primary  results,  did  Schwieger  propose  to  reduce  the 
number  of  wires  down  to  two,  and  yet  to  be  able  to  denote 
every  letter  of  the  alphabet. 

Schwieger  also  proposed  methods  of  permanently  registering 
the  letters  denoted ;  this  was  to  be  done  by  means  of  paper 
smeared  with  lamp-black  and  other  substances, — a  plan  long 
afterwards  employed  by  Professor  Wheatstone  and  partly 
patented  by  him. 

COXE'S    TELEGRAPH. 

In  Thompson's  'Annals  of  Electricity,'  in  1810,  Professor 
Coxe,  of  Philadelphia,  alludes  to  certain  plans  of  telegraphing 
by  means  of  the  galvanic  pile.  He  appears  to  have  had  two 
plans — the  one  being  by  the  decomposition  of  water  at  distant 
stations,  and  the  other  by  the  decomposition  of  metallic  salts. 

Thus  we  see  that  as  each  successive  discovery  in  the  effects 
produced  by  electricity  became  known,  ingenious  men  in  all 
parts  of  the  world  turned  their  attention  almost  immediately 
to  the  application  of  those  very  discoveries  to  the  art  of  tele- 
graphing. 

RONALDS'S    TELEGRAPH. 

In  1816  and  the  following  years  Mr.  Konalds,  of  Ham- 
.  mersmith,  devoted  much  time  to  the  investigation  of  the 
electric  telegraph.  He  erected  eight  miles  of  insulated  wire 
on  his  lawn  :  he  also  buried  a  considerable  length  of  insulated 
wire  in  the  earth.  The  wires  in  the  air  were  insulated  by  silk 
and  dry  wood,  and  those  in  the  earth  by  enclosing  the  wire  in 
glass  tubes,  surrounded  by  a  wooden  trough  filled  with  pitch. 

c 
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He  employed  the  ordinary  electric  machine  and  the  pith- 
ball  electrometer  in  the  following  manner:  he  placed  two 
clocks  at  two  stations ;  these  clocks  had  upon  the  second-hand 
arbour  a  dial  with  twenty  letters  on  it ;  a  screen  was  placed  in 
front  of  each  of  these  dials,  and  an  orifice  was  cut  in  each 
screen  so  that  one  letter  only  at  a  time  could  be  seen  on  the 
revolving  dial.  These  clocks  were  made  to  go  isochronously, 
and  as  the  dials  moved  round,  the  same  letter  always  ap- 
peared through  the  orifices  of  each  of  these  screens.  The 
pith-ball  electrometers  were  hung  in  front  of  the  dials. 

It  is  evident,  therefore,  that  if  these  pith-balls  could  be  made 
to  move  at  the  same  instant  of  time,  that  a  person  at  the  trans- 
mitting station,  by  causing  such  motion  in  both  those  elec- 
trometers, would  be  able  to  inform  the  attendant  at  the  distant 
or  receiving  station  what  letters  to  note  down  as  they  ap- 
peared before  him  in  succession  on  the  dial  of  the  clock. 

This  was  accomplished  in  the  following  manner:  The 
transmitter  caused  a  current  of  electricity  to  be  constantly 
operating  upon  the  electrometers,  so  as  to  separate  the  balls  of 
those  electrometers,  except  only  when  it  was  required  to  denote 
a  letter,  and  then  he  discharged  the  electricity  from  the  wire, 
and  instantly  both  balls  collapsed.  The  distant  observer  was 
thereby  informed  to  note  down  the  letter  then  visible.  In  this 
way  letter  after  letter  could  be  denoted,  words  spelt,  and 
intelligence  of  any  kind  transmitted.  All  that  was  absolutely 
required  for  this  form  of  telegraph  was,  that  the  clocks  should 
go  isochronously  during  the  time  that  the  intelligence  was 
being  transmitted ;  for  it  was  easy  enough  by  a  preconcerted 
arrangement  between  the  parties,  and  upon  a  given  signal,  for 
each  party  to  start  their  clocks  at  the  same  letter,  and  thus  if 
the  clocks  went  together  during  the  transmission  of  the  intel- 
ligence, the  proper  letters  would  appear  simultaneously,  until 
the  communication  was  finished.  The  attention  of  the  distant 
observer  was  called  by  the  explosion  of  gas  by  means  of  elec- 
tricity from  a  Ley  den  jar. 

Mr.  Ronalds,  in  1823,  published  a  full  description  of  this 
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telegraph,  in  a  work  entitled  "DESCRIPTIONS  OF  AN  ELEC- 
TRICAL TELEGRAPH,  AND  OF  SOME  OTHER  ELECTRICAL 
APPARATUS.' 

The  following  drawing  shows  Ronalds' s  Telegraph. 


D  is  an  electrical  machine ;  B,  the  pith-ball  electrometer ;  A, 
the  screen  hiding  the  letters  on  the  dial  behind  it ;  F,  the  gas 
alarum  ;  E,  the  tube  conveying  the  wires. 

Fig.  2  shows  the  moveable  dial  hidden  by  the  screen  in 
fig.  1. 

Fig.  3  is  an  enlarged  drawing  of  the  screen,  with  orifice 
and  pith-ball  electrometer. 
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Fig.  2.  Fig.  3. 


Mr.  Ronalds  enters  on  the  subject  of  the  comparative 
merits  of  wires  suspended  in  the  air  and  wires  buried  in  the 
earth,  and  arrives  at  the  conclusion  that  subterranean  wires 
are  much  to  be  preferred,  although  many  persons  were  found 
to  object  to  that  plan. 

He  says  :  "  The  liability  of  the  subterranean  part  of  the 
apparatus  to  be  injured  by  an  enemy  or  by  mischievously 
disposed  persons  has  been  vehemently  objected  to — more, 
vehemently  than  rationally,  I  presume  to  hope  (as  is  not 
unfrequently  the  case  on  these  as  on  many  other  sorts  of 
occasions).  If  an  enemy  had  occupation  of  all  the  roads 
which  covered  the  wires,  he  could,  undoubtedly,  disconcert  my 
electric  signs  without  difficulty ;  but  would  those  now  in  use 
escape?  And  this  case  relates  only  to  invasions  and  civil 
wars ;  therefore  let  us  have  smokers  enough  to  prevent 
invasions,  and  kings  that  love  their  subjects  enough  to 
prevent  civil  wars. 

"To  protect  the  apparatus  from  mischievously  disposed 
persons,  let  the  tubes  be  buried  six  feet  below  the  surface 
of  the  middle  of  the  high  roads,  and  let  each  tube  take  a 
different  route  to  arrive  at  the  same  place.  Could  any  number 
of  rogues  then  open  trenches  six  feet  deep,  in  two  or  more 
different  public  high  roads  or  streets,  and  get  through  two  or 
more  strong  cast-iron  troughs,  in  less  space  of  time  than  forty 
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minutes  ?  for  we  shall  presently  see  that  they  would  be 
detected  before  the  expiration  of  that  time.  If  they  could 
render  their  difficulties  greater  by  cutting  the  trench  deeper, 
and  should  they  still  succeed  in  breaking  the  communication 
by  these  means,  hang  them  if  you  catch  them,  damn  them  if 
you  cannot,  and  mend  it  immediately  in  both  cases." 

Fortunately,  however,  there  is  now  no  need  of  either  hang- 
ing or  damning  the  rascals,  for  the  law  makes  a  wilful  damage 
done  to  the  electric  telegraph  a  misdemeanour,  and  punishes 
accordingly. 

AMPERE'S  TELEGRAPH. 

Immediately  after  the  brilliant  discovery  of  (Ersted  in 
1809,  (viz.  that  a  magnetic  needle  always  tends  to  place  itself 
at  right  angles  to  an  adjoining  wire  through  which  an  electric 
current  from  a  galvanic  battery  is  passing,)  Ampere  read  a  paper 
before  the  Academy  of  Sciences,  at  Paris,  in  1820,  on  a  plan  for 
an  electric  telegraph,  based  upon  this  discovery  of  (Ersted. 
Its  principle  of  action  was  the  one  subsequently  used  by  Pro- 
fessor Wheatstone  in  all  his  needle  telegraphs,  and  therefore  to 
Ampere,  who  first  proposed  the  use  and  combination  of  the 
magnetic  needle — the  coil  of  wire — and  the  galvanic  battery, 
is  due  the  credit  of  being  the  first  person  to  publish  to  the 
world  the  perfect  practicability  of  an  electric  telegraph  con- 
structed with  magnetic  needles  surrounded  by  coils  of  wire, 
and  moved  by  electricity  generated  in  the  galvanic  battery. 
Ampere  proposed  to  use  as  many  needles  as  there  were  letters 
or  symbols  required  to  be  denoted.  Wheatstone,  by  com- 
bining the  apparatus  of  Ampere  in  a  peculiar  way,  obtained 
twenty  letters  by  the  use  of  only  five  wires,  as  will  be 
explained  hereafter,  and,  therefore,  greatly  improved  upon 
Ampere's  plan. 

The  plan  of  Ampere  was  as  follows  :  He  proposed  to  have 
at  every  station  from  which  intelligence  was  to  be  sent,  a 
galvanic  battery,  with  all  necessary  keys  for  putting  the 
battery  in  communication  with  the  wires,  and  to  have  at  the 
points  where  intelligence  was  to  be  received  as  many  magnetic 
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needles  as  there  were  letters  required  to  be  denoted.  Each 
letter  was  placed  upon  a  different  needle,  and  the  needles 
were  surrounded  with  coils  of  wire  in  metallic  communication 
with  the  wires  extending  between  the  stations.  It  is  evident, 
therefore,  that  upon  the  transmission  of  a  current  of  electricity 
through  any  one  of  those  coils  the  needle  would  move,  and 
with  it  the  letter,  and  thus  letter  after  letter  would  be 
denoted. 

Here,  then,  we  have  the  first  good  needle  telegraph,  and 
one  all  but  perfect  in  its  parts,  with  the  exception  only  of  the 
great  number  of  wires  required  to  be  employed. 

Ampere,  it  is  true,  might  not  have  given  all  the  minor 
details  as  to  the  keys,  &c.,  nor  was  it  in  any  way  needed  at 
the  time,  inasmuch  as  any  one  who  had  ever  used  a  battery 
and  tried  experiments  therewith,  would  at  once  have  known 
how  to  make  suitable  keys  in  a  dozen  different  ways,  and  how 
to  convert  a  receiving  station  into  a  transmitting  station 
whenever  required  to  do  so.  Much  misapprehension  on  this 
point  seems  to  have  prevailed  of  late  in  the  minds  of  certain 
scientific  men  in  this  kingdom ;  but  the  circumstances  under, 
which  those  opinions  have  been  expressed  are  so  peculiar, 
that  every  allowance  must  be  made  for  the  parties. 

So  well  understood  does  the  magnetic  needle  telegraph  seem 
to  have  been  in  1827,  that  Dr.  Green,  who  wrote  at  that  time, 
says — "  In  the  very  early  stage  of  electro- magnetic  experiment 
it  had  been  suggested  that  an  instantaneous  telegraph  might 
be  constructed  by  means  of  conjunctive  wires  and  magnetic 
needles.  The  details  of  this  contrivance  are  so  obvious,  and 
the  principles  on  which  it  is  founded  are  so  well  understood, 
that  there  was  only  one  question  which  could  render  the 
result  doubtful.  This  was,  whether,  by  lengthening  the 
conjunctive  wires,  there  would  be  any  diminution  in  the  elec- 
trical effect  upon  the  needle." 

It  was  evident,  therefore,  at  this  time  that  nothing  was 
wanting  but  direct  experiment  to  test  this,  then  doubtful, 
point,  as  to  how  far  galvanic  electricity  would  travel  through  a 
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wire.  Professor  Barlow's  opinion  was,  that  the  force  of  the 
current  would  be  so  diminished  by  the  length  of  the  circuit, 
that  a  galvano-electric  telegraph  would,  for  long  distances,  be 
impracticable.  Other  scientific  men  differed  with  Professor 
Barlow  in  this  opinion.  To  Professor  Wheatstone  is  due 
the  credit  of  having  practically  solved  the  question,  in  ascer- 
taining the  relative  resistances  of  the  parts  of  the  circuit  of 
an  electric  telegraph,  and  also  of  adjusting  the  size  and 
length  of  wire  required  for  the  magnets  to  be  employed. 
Professor  Ohm  founded  the  mathematical  expression  for 
the  law  of  the  resistances  to  the  passage  of  ALL  electric 
currents  from  the  galvanic  battery.  These  resistances  were 
expressed  not  only  in  terms  of  the  line-wire,  but  in  terms  of 
the  size  and  distance  of  the  battery-plates  from  each  other, 
and  also  of  the  resistance  of  the  fluid  in  the  battery  itself. 
Professor  Wheatstone,  therefore,  had  only  to  apply  this 
general  law  to  the  peculiarities  of  the  electric  telegraph,  and 
the  problem  would  become  at  once  satisfactorily  solved,  and 
it  would  show  that  to  the  extent  of  at  least  1000  or  2000 
miles  the  use  of  galvanic  electricity  for  the  purposes  of  the 
electric  telegraph  was  perfectly  practicable. 

TRIBOAILLET'S  TELEGRAPH. 

Mr.  Triboaillet,  in  1828,  proposed  the  following  arrange- 
ment for  an  electric  telegraph  : 

A  single  wire  only  was  to  be  used.  The  wire  was  to  be 
covered  with  shell-lac,  then  wrapped  with  silk,  and  after- 
wards covered  with  resin.  This  insulated  wire  was  then  to  be 
buried  in  the  earth,  inside  glass  tubes,  the  joints  being  care- 
fully luted  up  and  made  water-tight.  The  electricity  was  to 
be  generated  by  a  powerful  battery,  and  to  act  through  the 
insulated  wire  on  a  delicate  electroscope  at  the  distant 
station. 

Mr.  Triboaillet  prepared  no  particular  form  of  code  for  his 
telegraph,  but  he  left  it  to  each  telegraphist  to  form  his  own 
alphabet,  on  the  principle  of  making  the  number  of  the 
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motions  to  express  the  various  letters  or  symbols  desired  to  be 
denoted,  as  is  now  done  with  respect  to  the  needle  telegraph 
at  present  in  use  in  England. 

SCHILLING'S  TELEGRAPH. 

M.  Le  Baron  de  Schilling  appears  to  have  invented  two 
kinds  of  telegraph ;  one  with  five  magnetic  needles,  and 
another  with  only  one  needle.  The  first  had  five  needles, 
and  was  constructed  at  St.  Petersburg  in  1832. 

By  the  single  deflection  of  each  of  these  five  needles  to  the 
right  or  to  the  left,  ten  primary  signals  were  obtained,  and  by 
means  of  a  code  or  dictionary  the  combination  of  a  few  of 
such  signals  was  made  to  express  whole  words  or  sentences. 
Schilling  also  invented  an  alarum.  The  motion  of  one  of 
his  magnetic  needles  allowed  a  weight  to  fall,  and  by  the 
momentum,  produced  by  such  fall,  to  cause  an  alarum  to 
sound. 

Another  of  Schilling's  plans,  and  of  apparently  later  date, 
was  to  use  only  one  magnetic  needle,  and  by  counting  the 
number  of  such  motions  of  that  needle  to  the  right  and  left,  to, 
designate  the  letters  of  the  alphabet  thereby. 

The  telegraphs  of  Schilling  were  exhibited  before  the 
Emperor  Alexander,  as  well  as  afterwards  before  the  Emperor 
Nicholas,  and  were  highly  approved  of  by  both. 

GAUSS  AND  WEBER'S  TELEGRAPH. 

In  1833  a  telegraph  was  invented  by  Gauss  and  Weber  at 
Gottingen.  This  consisted  of  a  magnetic  needle  surrounded 
by  a  coil  of  wire,  the  needle  being  moved  by  the  agency  of 
electricity  developed  by  the  magneto-machine.  The  electricity 
generated  was  not  sent  simply  in  intermittent  currents,  but  by 
means  of  mechanical  contrivances,  then  well  known,  a  con- 
stant current  was  produced  so  as  to  cause  the  deflection  of  the 
magnetic  needle  to  continue  for  any  desired  period.  The 
signals  were  to  be  made  by  the  number  of  deflections  to  the 
right  and  left.  When  a  total  of  five  motions  was  made  for 
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each  signal,  the  number  of  different  signals  transmitted  would 
amount  to  more  than  all  the  letters  of  the  alphabet,  as  well  as 
all  the  numerals,  and  many  spare  signals  for  special  objects 
would  thus  be  produced. 

This  telegraph  was  constructed  at  Gottingen  between  the 
Observatory  and  the  Cabinet  de  Physiques  (a  distance  of  a  mile 
and  a  quarter).  The  earth  appears  to  have  been  used  as  part 
of  the  circuit. 

MESSRS.  TAQUIN    AND    ETTIEYHAUSEN's    TELEGRAPH. 

It  appears  that  Messrs.  Taquin  and  Ettieyhausen  established 
a  line  of  telegraph  across  two  streets  in  Vienna  in  1836.  The 
wires  were  partly  suspended  in  the  air  and  partly  buried  in  the 
earth. 

The  journal  that  affords  the  above  information  does  not 
give  any  other  particulars,  nor  does  it  state  the  kind  of  instru- 
ments employed. 

STEINHEIL'S  TELEGRAPH. 

This  telegraph,  in  point  of  time,  precedes  the  first  patented 
telegraph  in  England.  It  was  also  a  perfect  arrangement. 
Dr.  Steinheil  could  either  telegraph  by  sound  or  by  the 
making  of  permanent  marks  on  paper  :  he  employed  both 
these  different  processes. 

His  telegraph  consisted  of  one  wire,  and  of  one  or  two 
magnetic  needles  as  desired.  The  needles,  as  in  former 
plans,  were  surrounded  by  coils  of  wire,  and  each  could  be 
made  to  move  to  the  right  or  left  by  electricity  generated  from 
the  magneto-electric  machine.  When  it  was  desired  to  tele- 
graph by  sound,  he  made  the  needles  strike  against  either  of 
two  bells, —  the  one  needle  striking  one  bell,  and  the  other 
needle  striking  another,  differently  toned.  When  he  required 
to  permanently  record  the  intelligence,  these  needles  were 
furnished  with  small  tubes  holding  ink,  and  by  their  motions 
dots  were  made  on  paper  properly  moved  in  front  of  them 
by  wound-up  mechanism  ;  one  needle  making  dots  in  one 
c  5 
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line,  and  the  other  needle  making  dots  in  a  line  underneath 
the  former. 

Twelve  miles  of  wire  were  erected,  and  intermediate  as  well 
as  terminal  stations  employed.  A  portion  of  the  wire  was 
covered  with  zinc,  and  the  ends  of  the  wire  at  each  distant 
terminus  were  joined  to  plates  of  metal  buried  in  the  earth,  so 
that  the  earth  formed  one-half  of  the  circuit. 

On  the  whole,  Steinheil's  telegraph  is  a  very  perfect  one, 
and  may  well  put  to  shame  many  of  the  plans  afterwards 
patented  in  this  kingdom. 

Steinheil's  Telegraph. 
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Transmitting  Apparatus  of 
Steinheil's  Telegraph. 


He  made  his  signals  by  a  maximum  of  four  dots.  He  used 
galvanized  iron  wire.  He  em- 
ployed but  one  wire  for  his 
telegraph.  He  used  the  earth 
circuit;  and  he  carried  wire 
both  under-ground  and  in  the 
air. 

One  thing  only  seemed 
needed  to  make  this  telegraph 
perfect,  and  that  was  a  means 
of  employing  secondary  power 
for  printing  or  marking  the  •— -_/# 

paper,  —  this    has    now    been     --• """» 

accomplished  by  the  author. 

Steinheil's  telegraph  was  in 
practical  operation  in  July, 
1837,  was  twelve  miles  long, 
and  had  three  stations  in  the 
circuit.  _ 

During  the  year  1837  many 
telegraphs  were  invented.  This  is  also  the  year  in  which 

Coil  and  Magnets  of  Steinheirs  Telegraph. 


the  first  patent  was  taken  out  for  an  electric  telegraph  in 
England.     It  is  thought  better,  however,  to  finish  the  descrip- 
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tion  of  all  those  telegraphs  that  were  riot  patented  in  England 
in  1837,  before  commencing  with  those  patented. 

MASSON'S  TELEGRAPH. 

At  Caen,  in  1837,  M.  Masson  erected  a  line  of  telegraph 
about  a  mile  and  a  quarter  long. 

The  power  he  employed  was  electricity,  developed  from  the 
magneto-machine,  which,  was  made  to  operate  on  magnetic 
needles  at  the  respective  termini. 

In  1838,  M.  Masson  in  conjunction  with  M.  Breguet  tried 
farther  experiments  on  a  line  of  railway. 

MORSE'S    TELEGRAPH. 

Professor  Morse  has  stated  that  he  invented  his  telegraph 
in  1832:  it  does  not  appear,  however,  that  any  telegraph 
was  actually  constructed,  nor  the  thoughts  of  his  brain  put  in 
practice  until  1837. 

Morse  himself,  in  a  letter  to  the  Secretary  of  the  Treasury  of 
the  United  States,  dated  September  27,  1837,  says — "About 
five  years  ago,  on  my  voyage  home  from  Europe,  the  electri- 
cal experiment  of  Franklin  upon  a  wire  some  four  miles  in 
length  was  casually  recalled  to  my  mind  in  a  conversation  with 
one  of  the  passengers,  in  which  experiment  it  wras  ascertained 
that  the  electricity  travelled  through  the  whole  circuit  in  a 
time  not  appreciable  but  apparently  instantaneous.  It  immedi- 
ately occurred  to  me  that  if  the  presence  of  electricity  could 
be  made  VISIBLE  in  any  part  of  this  circuit,  it  would  not  be 
difficult  to  construct  a  SYSTEM  OF  SIGNS  by  which  intelli- 
gence could  be  instantaneously  transmitted. 

"  The  thought  thus  conceived  took  strong  hold  of  my  mind 
in  the  leisure  which  the  voyage  afforded,  and  I  planned  a  sys- 
tem of  signs  and  an  apparatus  to  carry  it  into  effect.  I  cast 
a  species  of  type  which  I  devised  for  this  purpose,  the  first 
week  after  my  arrival  home ;  and  although  the  rest  of  the 
machinery  was  planned,  yet  from  the  pressure  of  unavoid- 
able duties  I  was  compelled  to  postpone  my  experiments,  and 
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was  not  able  to  test  the  whole  plan  until  within  a  few  weeks. 
The  result  has  realized  my  most  sanguine  expectations. 

"  As  I  have  contracted  with  Mr.  Alfred  Vail  to  have  a  com- 
plete apparatus  made  to  demonstrate  at  Washington,  by  the 
1st  of  January,  1838,  the  practicability  and  superiority  of  my 
mode  of  telegraphic  communication  by  means  of  electro-mag- 
netism, (an  apparatus  which  I  hope  to  have  the  pleasure  of  ex- 
hibiting to  you,)  I  will  confine  this  communication  to  a  state- 
ment of  its  peculiar  advantages."  *  *  *  * 

This  letter  appears  to  be  an  answer  to  a  circular  dated 
March  10,  1837,  sent  to  certain  collectors  of  the  Customs,  &c., 
with  reference  to  telegraphic  communication,  and  desiring  a 
reply  by  the  1st  of  October,  1837. 

Now,  whether  the  date  of  Morse's  telegraph  is  to  commence 
from  the  period  when  the  thought  first  passed  across  his  mind, 
or  from  the  time  when  the  first  telegraph  was  made  and  sig- 
nals actually  produced  by  him,  I  must  leave  it  with  others- 
to  decide. 

Much  controversy  has  taken  place  already  on  this  point, 
and  no  doubt  many  will,  even  now,  with  all  the  facts  before 
them,  come  to  different  conclusions  thereon. 

The  peculiarities  of  Morse's  telegraph,  when  made,  were  the 
use  of  one  wire,  and  that  wire  either  to  be  placed  under-ground 
or  in  the  air.  A  galvanic  battery  at  the  transmitting  station 
was  to  furnish  the  power,  and  an  electro-magnet  of  iron  at  the 
receiving  station  was  to  record  the  presence  or  passage  of  the 
power. 

The  armature  of  this  electro-magnet  was  to  have  attached 
to  it  a  pen  with  ink  in,  or  a  pencil,  for  the  purpose  of  marking 
paper,  which  was  to  pass  uniformly  along  in  front  of  the  pen. 
The  pencil  or  pen  was  afterwards  abandoned  for  the  use  of  a 
steel  pricker. 

The  first  symbols  used  were  characters  like  a  V ;  afterwards, 
when  the  pricker  was  used,  it  made  small  holes  in  the  paper, 
or  formed  long  scratches  on  it,  accordingly  as  the  current  of 
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electricity  was  kept  on  for  a  short  or  long  period.  The  com- 
bination of  dots  and  long  strokes  thus  formed  his  alphabet. 
This  telegraph  has  been  most  extensively  used  in  America,  and 
is  very  simple  both  in  construction  and  use. 

The  first  experiment  was  made  over  half  a  mile,  on  the  2nd 
October,  1837. 


Fig.  1. — Key  for  sending  currents  of  electricity. 


Fig.  2. — Recording  instrument. 


Fig.  1  shows  the  lever  key  usually  employed  for  transmit- 
ting the  currents  of  electricity.  This  is  too  simple  to  need 
description. 

Fig.  2  is  the  recording  or  receiving  instrument. 

A  is  the  electro-magnet ;    B,  the  armature  attached  to  the 
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lever  D,  working  on  the  centre  c ;  L  is  the  steel  pricker ; 
F  is  the  long  strip  of  paper  coming  off  the  drum  G,  and  passing 
under  the  roller  H  ;  j  is  the  paper  after  it  has  been  marked 
by  the  pricker. 

The  paper  is  kept  continually  moving  under  the  roller  H  by 
means  of  clock-work  mechanism,  as  shown. 

When  an  electric  current  passes  round  the  electro-magnet 
A,  the  armature  B  is  drawn  down,  and  the  pricker  L,  forced 
into  the  strip  of  paper. 

If  the  current  be  held  on  for  a  long  period,  a  long  mark  or 
cut  will  be  made  in  the  paper, — if  for  a  short  time,  a  dot  only 
is  produced. 

The  following  represents  Professor  Morse's  alphabet,  com- 
posed, as  it  will  be  observed,  of  long  and  short  marks. 

MORSE'S    AMERICAN    ALPHABET. 


A          B 
K            L 

C         .D         E          F             G           H        I 
M         N         0           P             Q            R 

J 

S 

T 

U            V 

W              X            Y            Z             & 

1 

2                3 

4567 

8 

VAIL  S    TELEGRAPH. 

From  Vail's  work  on  Telegraphs  it  appears  that  in  Sep- 
tember, 1837,  while  he  was  engaged  in  making  a  tele- 
graphic instrument  for  Professor  Morse,  for  the  purpose  of 
exhibiting  its  actions  to  a  Committee  of  the  Congress,  he 
invented  a  telegraph  for  printing  the  letters  of  the  alphabet. 

The  arrangement  appears  to  have  been  as  follows  :  At  the 
receiving  station  an  ordinary  clock-work  apparatus  was  em- 
ployed with  an  escapement  action  ;  to  the  axle  of  the  seconds 
wheel  a  type  wheel  was  affixed ;  as  this  seconds  wheel  moved 
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step  by  step  by  means  of  a  pendulum,  the  type  wheel  was 
moved  forward  letter  by  letter  ;  every  letter  was  thus  brought 
successively  under  a  type  connected  with  an  electro-magnet  in 
metallic  connection  with  the  line  wire.  This  electro-magnet 
was  so  arranged  that  when  a  current  of  electricity  passed 
through  it,  the  paper  was  pressed  against  the  type  wheel,  and 
an  impression  made  of  the  letter  then  present. 

At  the  transmitting  station  a  similar  instrument  was  em- 
ployed, but  in  the  type  wheel  holes  were  drilled  opposite  each 
letter,  in  order  to  insert  therein  a  small  pin.  As  the  type  wheel 
revolved  by  the  action  of  the  clock-work  apparatus,  a  pin  so 
inserted  in  any  of  the  holes  in  the  type  wheel  came  in  contact 
with  a  projecting  piece  of  brass,  and  a  current  was  thus  caused 
to  pass  along  the  line-wire,  and  the  letter  opposite  to  that  pin 
printed. 

The  pin  was  then  suddenly  removed  and  placed  in  a  hole 
corresponding  with  the  next  letter  to  be  printed ;  and  then  that 
letter  was  printed,  and  so  on  to  the  end  of  the  message. 

This  telegraph  is  a  very  complicated  one  :  the  limited  space 
allowed  prevents  a  fuller  account  being  given:  an  extended 
description  will  be  found  in  the  account  of  the  American 
telegraph  as  published  by  Mr.  Vail. 

ALEXANDER'S  TELEGRAPH. 

In  1837,  Mr.  Alexander,  of  Edinburgh,  constructed  an  elec- 
tric telegraph  on  the  following  plan  : 

He  employed  30  wires  and  30  magnetic  needles.  At  the 
end  of  each  needle  was  fixed  a  screen  covering  a  letter  behind 
it :  on  the  transmission  of  a  current  of  electricity  from  a  gal- 
vanic battery  over  any  wire,  the  corresponding  needle  was 
moved  to  one  side,  and  the  desired  letter  exposed  to  view. 
The  letters  were  painted  on  a  vertical  dial,  and  the  needles 
arranged  over  them  ;  30  keys  were  used  with  the  letters  of  the 
alphabet  on  them.  On  pressing  down  any  one  of  these  keys 
a  current  of  electricity  was  made  to  traverse  its  wire  and  to  act 
on  the  needle  belonging  to  that  wire.  By  confining  the  mo- 
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tion  of  each  needle  to  one  direction  only,  no  oscillation  or 
vibration  of  the  screen  ensued. 

This  telegraph  was  exhibited  at  work  at  the  Society  of  Arts 
in  Edinburgh,  in  1837,  and  an  account  of  it  appeared  in  some 
of  the  Scotch  papers,  as  well  as  in  the  Mechanic's  Magazine 
for  November,  1837. 

The  original  instrument  was  lately  shown  at  the  Great 
Exhibition  in  Hyde  Park. 

The  following  is  a  drawing  of  it : 


Disc. 


Battery. 


A  is  a  voltaic  battery  ;  u,  a  trough  filled  with  mercury ;  c, 
a  wire  connecting  the  zinc  plate  in  the  battery  with  the 
trough  of  mercury  ;  D,  the  return  wire  connected  with  the 
copper  plate  of  the  battery  ;  E,  a  key  to  be  pressed  down  by 
the  finger  of  the  operator,  like  the  key  of  a  piano-forte ;  F  is 
a  pendant  wire  which  dips  into  the  mercury  when  the  key  is 
depressed,  and  completes  the  circuit  formed  by  the  wires  c 
and  D,  extending  from  one  terminus  of  the  telegraph  to  the 
other. 

G  is  the  distant  dial  upon  which  the  whole  letters  of  the 
alphabet  and  stops  are  marked.  The  letters  are  not  seen 
when  the  magnetic  needles — poised  horizontally  in  free  space 
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behind  the  dial — are  in  their  natural  position  of  north  and 
south,  but  are  hidden  by  screens  or  veils  marked  v,  attached 
to  each  of  their  north  poles.  But  when  the  circuit  is  com- 
pleted by  the  depression  of  the  key  E,  the  corresponding 
magnetic  needle  is  deflected  to  the  west  and  exposes,  as  at 
K,  the  letter  previously  concealed.  Thirty  copper  wires  and 
a  return  wire  extend  from  the  keys  to  the  magnetic  needles. 

A  metallic  rod  may  be  advantageously  substituted  for  the 
trough  of  mercury  below  the  keys. 

DAVY'S    TELEGRAPH. 

The  arrangement  of  Davy's  telegraph  was  as  follows :  Small 
screens  were  attached  to  magnetic  needles  surrounded  by  coils 
of  wire ;  behind  the  screens  were  the  letters  of  the  alphabet 
painted  upon  ground  glass;  a  lamp  was  placed  behind  the 
instrument  so  as  to  illuminate  the  letters  which  were  delineated 
on  the  glass  ;  on  the  removal  of  a  screen  to  the  right,  one  let- 
ter was  brought  into  view,  and  on  its  removal  to  the  left, 
another  letter,  and  so  on.  Twelve  keys  were  used.  A  galvanic 
battery  was  employed  to  cause  the  needles  to  move,  and  with 
them  the  screens.  The  exact  number  of  wires  does  not  appear. 
An  account  of  this  telegraph  appeared  in  the  London  Mecha- 
nic's Magazine  for  1837. 

HISTORY  OF  PATENTED   TELEGRAPHS. 

We  come  now  to  the  period  when  every  improvement  in  the 
electric  telegraph  in  England  was  made  the  subject  of  a  patent, 
but  it  would  be  impossible  to  give  an  exact  description  of  each 
of  the  parts  of  the  patents  of  the  various  patentees  in  the 
space  allowed. 

It  would  also  be  utterly  impossible  to  make  many  parts  of 
the  inventions  intelligible  to  the  reader  without  having  en- 
gravings of  all  the  drawings  to  accompany  the  specifications ; 
and  to  give  a  full  description  of  the  many  patents,  with  en- 
gravings of  the  various  drawings  accompanying  the  respective 
specifications,  would  entail  an  enormous  expense. 
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To  supply  the  reader  with  an  approximate  idea  as  to  what  the 
cost  would  be,,  it  will  only  be  necessary  to  state,  that  to  obtain  a 
written  copy  of  the  specification  of  almost  any  of  these  patents 
would  of  itself  cost  from  £  10  to  <£40 — and  mere  office  copies 
of  the  specification  of  two  patentees  would  cost  ,£169.  9*. 

There  are  now  no  less  than  about  40  patents  taken  out  in 
England  in  connexion  with  electric  telegraphs,  so  that  the 
mere  cost  of  obtaining  copies  of  the  specifications  of  the 
English  patents,  and  irrespective  entirely  of  the  cost  of 
printing  the  same,  and  having  engravings  made  for  them, 
would  totally  preclude  the  possibility  of  giving  each  of  them 
in  extenso. 

It  is  to  be  hoped  that  the  laws  respecting  patents  will  not 
remain  long  in  their  present  unsatisfactory  state. 

Nothing  can  be  more  absurd  than  the  present  rules  with 
respect  to  the  specifications  of  patents.  Every  individual  in 
this  kingdom  is  as  much  bound  by  the  specifications  of  a  patent 
as  by  an  Act  of  Parliament.  No  one  may  either  make,  use, 
exercise,  or  vend  any  patented  article,  unless  permitted  to 
do  so  by  the  patentee.  Hundreds  of  patents  are  taken  out 
annually,  and  yet  a  man  living  anywhere  out  of  London, 
unless  he  comes  up  to  town  and  searches  in  the  Enrolment 
Offices  of  the  Courts  of  Chancery, — a  process  which  might 
detain  him  many  days  at  a  large  expense, — cannot  know  what 
he  is  forbidden  by  law  either  to  make,  use,  or  sell. 

Again,  no  classified  index  is  kept  at  the  Enrolment  Office, 
so  that  unless  a  person  employs  a  patent  agent,  or  some  good 
fortune  attend  him,  he  may  search  for  days  and  weeks  in  a 
variety  of  books  and  rolls  of  parchment,  without  knowing 
whether  he  is  or  is  not  forbidden  to  make  an  article  which 
he  has  just  invented,  but  which  may,  for  aught  he  can  learn 
to  the  contrary,  have  been,  during  the  previous  fourteen  years, 
patented  by  some  one  else. 

Until  a  proper  index  is  made  of  all  patents,  and  published 
periodically,  and  sold  at  rates  similar  to  Acts  of  Parliament, — 
and  until  all  specifications  are  printed  also  and  sold  at  similar 
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prices, — such  a  confused  and  difficult  state  of  things  must,  it  is 
feared,  continue  to  remain,  to  the  utter  shame  and  disgrace  of 
this  inventive  and  mechanical  nation. 

Let  us  take,  for  example,  the  case  of  a  party  wishing  to 
erect  an  electric  telegraph  of  his  own  or  of  his  friend's  inven- 
tion. How  is  it  to  he  ascertained  whether  or  not  the  plan 
is  any  infringement  of  at  least  one,  if  not  of  some  dozen 
existing  patents  ?  Every  patent  relating  to  electric  telegraphs, 
to  the  production  of  electricity,  and  magnetism,  &c.,  must  be 
carefully  sought  out ;  every  word  of  every  specification  care- 
fully read  and  compared  with  the  existing  state  of  public 
knowledge  at  the  date  of  the  patent,  and  read  too  with  a  full 
knowledge  of  the  contents  of  probably  many  previous  patents 
referred  to  therein. 

Some  specifications,  instead  of  quoting  from,  refer  to  parts 
of  other  specifications.  The  specifications  are  written  on 
parchment,  and  sometimes  in  characters  scarcely  legible  by 
persons  of  the  present  day.  The  plans  accompanying  the 
specifications  are  often  stitched  yards  and  yards  from  the  parts 
of  the  specification  where  they  are  referred  to. 

Before  the  specifications  are  copied  on  to  long  narrow  rolls 
of  parchment,  many  have  occupied  (exclusive  of  plans)  1 6  to 
18  skins  of  closely-written  parchment.  Not  a  word  may  be 
copied  at  the  time  of  the  reading  of  the  specification  in  the 
Office — nor  will  the  officials  copy  for  payment  a  portion  only 
of  the  specification.  No  pencil  or  paper  is  allowed.  The 
reader  must  carry  in  his  head  the  meaning,  the  bearing,  and 
the  contents  of  the  whole  specification,  and  of  every  single 
sentence  in  some  16  or  18  skins  of  parchment,  and  that  too 
of  perhaps  some  20  to  30  specifications,  before  he  can  feel  at 
all  confident  in  his  own  mind  that  the  erection  of  the  telegraph 
he  desires  will  not  bring  down  upon  him  some  half-dozen 
actions  in  law  from  various  quarters  :  such  is  the  glorious  un- 
certainty of  the  matter,  arid  such  are  the  facilities  at  present 
afforded  to  inventors  and  other  ingenious  and  scientific  men  of 
the  day,  to  enable  them  to  steer  clear  of  the  breaking  of  the 
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law,  and  to  give  to  the  public  new  and  improved  plans  of 
telegraphs. 

The  author  having  gone  through  all  the  nuisance  of  this 
searching  and  reading  of  the  specifications  of  every  patent  for 
electric  telegraphs,  and  having  endured  the  horrible  torture  of 
learning  claims  by  heart,  and  of  filling  his  head  to  the  full  in 
the  Enrolment  Office,  and  emptying  it  on  paper  immediately 
he  has  emerged  from  the  door  cf  those  dreaded  precincts, 
can  well  bear  witness  to  the  abominable  and  disgraceful  state 
of  things  as  regards  the  present  state  of  the  patent  laws  in  this 
kingdom . 

But  enough, — it  is  certain  that  the  reader  will  not  wish  to 
have  an  extended  account  of  telegraphs,  the  description  of 
which  has  to  be  acquired  by  such  means,  nor  will  he  place 
much  reliance  on  the  more  minute  details  obtained  from  specifi- 
cations in  the  manner  above  given. 

It  is  proposed  therefore,  on  all  the  above  grounds,  to  give 
only  an  abstract  of  a  few  of  the  leading  features  of  some  of 
the  telegraphs  patented  from  the  year  1837  to  the  present 
time,  selecting  the  patents  of  those  parties  whes@- -inventions 
are  now  in  daily  practical  operation  in  the  kingdom. 

The  author  would  observe,  that  he  has  not  hesitated  to  put 
into  print  long  ago  the  specifications  of  the  various  patents 
taken  out  by  himself. 

It  is  now  proposed  to  deviate  slightly  from  the  plan  hereto- 
fore followed,  viz.  of  giving  the  inventions  of  different  parties 
merely  in  the  order  of  the  dates  of  such  inventions.  It  is 
believed  that  when  a  person  takes  out  a  patent  one  year, 
and  then  improves  upon  his  invention  and  so  patents  this 
second  improvement  in  the  next  year,  and  so  on  with  a  third, 
fourth,  and  fifth  set  of  improvements,  for  which  separate 
patents  have  been  respectively  taken  out,  that  it  will  be  much 
better  to  continue  the  description  of  those  patents  in  the  order 
of  their  date,  than  to  leave  off  and  to  commence  the  descrip- 
tion of  the  inventions  of  other  parties — inventions  relating  per- 
>s  to  a  wholly  distinct  class  of  telegraphs. 
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LEADING  FEATURES  OF  THE  PRINCIPAL  TELEGRAPHS 
PATENTED  FROM  THE  YEAR  1837  TO  THE  PRESENT 
TIME. 

COOKE  AND  WHEATSTONE'S  TELEGRAPH. 

On  the  12th  of  June,  1837,  Messrs.  Cooke  and  Wheatstone 
took  out  letters  patent  in  England  for  "improvements  in  giving 
signals  and  sounding  alarums  in  distant  places  by  means  of 
electric  currents  transmitted  through  metallic  circuits." 

Many  persons  have  long  had  an  idea  that  Messrs.  Cooke  and 
Wheatstone  were  the  first  inventors  of  THE  electric  tele- 
graph. It  is  clear,  however,  from  what  has  been  said  before, 
and  from  the  very  title  of  this  patent,  which  is  for  improve- 
ments,— and  those  improvements  relating  to  certain  particular 
parts  only  of  the  electric  telegraph, — that  such  a  notion  is 
wholly  erroneous. 

The  peculiar  features  of  this  telegraph  were,  as  they  are 
expressed  in  the  title,  improvements  on  the  well-known  modes 
of  making  the  signals  and  of  sounding  alarums. 

Five  magnetic  needles  and  coils  were  used,  and  either  five  or 
six  wires  employed,  accordingly  as  it  was  desired,  by  means 
of  the  needles,  to  produce  twenty  or  thirty  primary  signals. 
The  needles  were  arranged  in  a  horizontal  row  and  on  a 
vertical  dial,  and'  stops  were  placed  to  cause  each  needle  to 
remain  inclined  at  a  particular  angle  when  acted  on  by  electric 
currents. 

Letters  were  engraved  on  the  dial  at  the  points  where  the 
lines  of  convergence  of  two  needles  met;  by  causing  two  of  the 
five  needles  to  converge,  a  letter  could  be  denoted.  Five 
wires  and  five  needles  gave  twenty  of  such  signals ;  if  a  sixth 
wire  were  employed,  but  without  a  needle,  then  only  owe  of  the 
five  needles  could,  if  desired,  be  moved;  and  thus,  by  the 
single  motion  of  each  of  the  five  needles  to  the  right  or  left, 
ten  other  signals  could  be  given. 

The  improvement  relating  to  the  alarum  was  the  employ- 
ment of  the  attractive  force  developed  in  soft  iron  (when 
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electric  currents  were  caused  to  pass  round  it  in  coils  of  wire) 
for  the  purpose  of  striking  a  bell  or  releasing  wound-up 
mechanism. 

It  is  clear  that  this  telegraph,  as  a  whole,  was  a  great 
improvement  on  many  others  at  that  day,  though  still  very  far 
from  perfect. 

The  peculiar  arrangement  of  the  dial  at  once  reduced  the 
number  of  wires  which  would  have  been  required  under 
Ampere's  plan  from  twenty  to  five,  although  it  must  not 
be  forgotten  that  at  this  time  many  one-wired  telegraphs  were 
well  known. 

A  peculiar  kind  of  key-board  was  employed,  and  other 
mechanical  improvements  effected.  It  must  be  observed,  how- 
ever, that  this  telegraph  contains  little  or  nothing  new  beyond 
the  peculiar  combination  of  well-known  parts.  The  use  of  the 
needle  and  coil  was  old;  the  employment  for  telegraphic 
purposes  of  galvanic  electricity  was  old ;  the  burying  of  insu- 
lated wires  in  tubes  was  old ;  the  attractive  force  of  soft  iron 
to  develop  electro-magnetic  properties  was  old.  But  the  pecu- 
liar mode  of  "giving  signals  and  sounding  alarums"  (the 
words  as  given  in  the  title)  was  new,  and  was  an  improvement 
on  the  then  known  plans  of  this  class  of  telegraphs,  and  a 
great  improvement  too. 

The  author  has  been  anxious  to  put  this  matter  in  what  he 
considers  its  true  light,  as  much  misapprehension  has  arisen  as 
to  what  the  real  inventions  in  this  patent  were, — a  misappre- 
hension which  he  conceives  has  arisen  from  the  great  difficulty 
which  all  persons  (excepting  only  those  who  have  spent  many 
jyears  in  this  particular  branch  of  science)  experience  in  obtain- 
ing a  correct  knowledge  as  to  what  was  and  what  was  not  the 
common  stock  of  knowledge  possessed  by  many  parties  at  that 
[ate  conversant  with  the  science,  and  especially  as  to  what  had 

;en  already  done  in  electric  telegraphs. 

To  Professor  Wheatstone  himself  credit  must  be  given,  not 
>nly  of  knowing  what  had  been  done  in  this  country,  but  what 
been  proposed  and  done  in  almost  every  civilized  country 
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on  the  Continent,  both  as  regards  electricity  and  electric  tele- 
graphs ;  and  hence  the  reason  is  ohvious  why  the  first  patent 
taken  out  for  an  electric  telegraph  in  this  kingdom  had  in  its 
title,  for  its  security's  sake,  the  word  "  IMPROVEMENTS." 

The  author  conceives  that  great  injury  has  been  done  to 
Professor  Wheatstone  and  his  partner  Mr.  Cooke  by  parties 
claiming  for  them  the  first  invention  of  THE  electric  telegraph  ; 
whereas  if  those  friends  had  but  read  the  first  published  words 
of  the  inventors  themselves,  they  would  have  found  that 
all  that  they  themselves  had  said  was,  that  what  they  had 
invented  were  only  certain  improvements.  Much  undeserved 
bitterness  and  acrimony  of  feeling  have  thus  been  raised 
unjustly  against  the  first  patentees  of  improvements  in  electric 
telegraphs. 

PATENTED    IN 

1837. 
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The  following  description  will  explain  this  form  of  tele- 
graph : 

Cooke  and  Wheatstone's  arrangement  required  the  service  of 
five  galvanometers.  Annexed  is  a  representation  of  the  dial. 
In  the  interior  there  are  five  galvanometers,  numbered  1,  1  ; 
2,  2 ;  3,  3 ;  4,  4 ;  and  5,  5,  The  coils  of  the  multipliers  are 
secured  with  their  needles  to  the  case,  having  each  exterior 
needle  projecting  beyond  the  dial,  so  as  to  be  exposed  to  view. 
Of  the  wires  from  the  coils,  five  are  represented  as  passing  out 
of  the  side  of  the  case,  on  the  left  hand,  and  are  numbered  1, 
2,  3,  4  and  5.  The  other  five  wires  pass  out  on  the  right 
hand,  and  are  numbered  in  the  same  manner.  The  wires  of 
the  same  number  as  the  galvanometer  are  those  which  belong 
to  it,  and  are  continuous.  Thus  the  wire  1,  on  the  left  hand, 
proceeds  to  the  first  coil  of  galvanometer  1,  then  to  the  second 
coil,  and  then  coming  off,  passes  out  of  the  case,  and  is  num- 
bered 1,  on  the  right  hand ;  and  so  on  with  the  other  wires. 
The  dial  has  marked  upon  it,  at  proper  distances  and  angles, 
twenty  of  the  letters  of  the  alphabet,  viz.,  A,  B,  D,  E,  F,  G,  H, 
i,  K,  L,  M,  N,  o,  P,  R,  s,  T,  v,  w,  Y.  On  the  margin  of  the 
lower  half  of  the  dial  are  marked  the  numerals,  1,  2,  3,  4,  5, 
6,  7,  8,  9,  and  0.  The  letters  c,  j,  a,  u,  x,  z,  are  not  repre- 
sented on  the  dial,  unless  some  six  of  those  already  there  are 
made  to  sustain  two  characters  each,  of  which  the  Specification 
is  silent.  Each  needle  has  two  motions, — one  to  the  right, 
and  the  other  to  the  left.  For  the  designation  of  any  of  the 
letters,  the  deflection  of  two  needles  is  required,  but  for  the 
numerals,  one  needle  only.  If  one  needle  only  were  required 
to  be  moved,  six  wires  were  necessary.  The  letter  intended  to 
be  noted  by  the  observer  is  designated,  in  the  operation  of  the 
telegraph,  by  the  joint  deflection  of  two  needles,  pointing 
by  their  convergence  to  the  letter.  For  example,  the  needles 
1  and  4  cut  each  other,  by  the  lines  of  their  joint  deflection,  at 
the  letter  v,  on  the  dial,  which  is  the  letter  intended  to  be 
observed  at  the  receiving  station.  In  the  same  manner  any 
other  letter  upon  the  dial  may  be  selected  for  observation, 

D 
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Suppose  the  first  needle  to  be  vertical,  as  the  needles  2,  3,  and 
5,  then  needle  4  being  only  deflected,  points  to  the  numeral  4 
as  the  number  intended  to  be  signified. 

The  next  inventions  of  Messrs.  Cooke  and  Wheatstone  were 
patented  in  the  name  of  Mr.  Cooke  only.  The  patent  was 
sealed  on  the  18th  day  of  April,  1838.  The  principal  im- 
provement in  this  patent  consisted  in  a  peculiar  means  of 
enabling  two  intermediate  stations  to  communicate  with  each 
other  and  with  either  terminus. 

Under  the  first  patent  a  message  could  be  sent  from  either 
terminus,  and  it  could  also  be  read  oif  at  an  intermediate 
station ;  but  the  intermediate  stations  could  not,  with  the 
peculiar  arrangement  of  the  keys  described  in  the  first  specifi- 
cation, send  a  communication  to  each  other  or  to  either  of  the 
termini. 

The  plan  set  forth  would  be  extremely  difficult  to  describe 
without  a  model ;  even  the  Specification,  accompanied  with  its 
drawings,  is  quite  unintelligible  to  the  general  reader.  This 
plan,  however,  is  not  in  use  now,  and  has  long  been  super- 
seded by  other  later  and  better  inventions. 

Another  plan  of  sounding  an  alarum  is  described  in  this 
patent.  Wound-up  mechanism  was  to  be  liberated  and  a  bell 
sounded  by  the  angular  motion  of  a  magnetic  needle,  the 
motion  being  produced  in  a  manner  similar  to  the  motion 
of  the  needles  of  the  telegraph  instrument  in  the  previous 
patent. 

The  peculiar  form  of  telegraphic  instruments,  as  described 
in  these  two  patents,  for  sending  intelligence,  was  tried  both 
on  the  Great  Western  and  the  London  and  Birmingham 
Railways,  but  was  soon  abandoned,  and  has  never  since 
been  used  either  in  this  or  any  other  kingdom.  A  different 
form  of  telegraph,  viz.  an  instrument  having  only  two 
needles,  is  now  in  use,  and  in  some  cases  only  one  needle  is 
employed. 

The  engraving  represents  one  of  these  double-needle  instru- 
ments. 
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The  following  is  an  account  of  the  numher  of  words  per 
minute  sent  by  the  double-needle  telegraph  in  11  despatches 
for  the  'Times'  newspaper,  in  the  year  1849.  The  average 
per  message  is  at  the  rate  of  nearly  1 7  words  per  minute : 

364  words,  at  the  rate  of  13*  words  per  minute. 
166  „  „  8|        „ 

383  „  „  14*        „ 

447          „  „          17*        „ 

101  „  „          20*        „ 
288           „            „  17 

274  „  „  15* 

106  „  „  15*  „ 

102  „  „  12f  „ 
334  „  „  17*  „ 

73  „  „  18*        „ 

The  next  patent  taken  out  by  Messrs.  Cooke  and  Wheatstone 
was  dated  the  21st  of  January,  1840. 

The  telegraph  included  under  this  patent  is  a  step-by-step 
letter- showing  telegraph.  A  disc,  having  all  the  letters  upon 
it,  was  fixed  on  the  axle  of  a  piece  of  clock-work  mechanism, — 
an  electro-magnet  and  armature  of  iron  were  attached,  so' 
that  as  the  armature  was  attracted  to  the  electro-magnet,  the 
disc  was  allowed  to  progress  one  step  forward  in  its  revolution, 
and  thus  to  expose  to  view,  in  a  small  orifice  cut  in  the  dial 
for  the  purpose,  the  letters  of  the  alphabet,  one  by  one  at 
a  time.  A  pallet  and  escapement  wheel,  similar  to  those 
employed  in  a  clock,  were  used,  so  that  every  current  of 
electricity  transmitted  allowed  the  disc  to  progress  one  step  or 
tooth,  and  to  expose  to  view  successively  each  letter  of  the 
alphabet.  When  a  particular  letter  was  to  be  recorded,  the 
disc  was  allowed  to  remain  for  a  short  period  of  time,  with  the 
desired  letter,  exposed  to  view. 

Electricity,  from  a  peculiar  arrangement  of  the  magneto- 
machine,  was  also  employed. 

This  telegraph  is  known  as  the  Revolving  Disc  Telegraph. 
The  great  difficulty  experienced  with  this  telegraph  was  the 
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impossibility  of  making  the  discs  at  two   or  more   stations 
to  move  exactly  together,  i.  e.  for  neither  disc  to  lag  behind. 

If  this  lagging  behind  did  occur,  then  when  B  was  visible  at 
one  station,  A  would  be  visible  at  another,  and  ever  afterwards 
all  the  letters  would  be  wrong. 

Wheatstone's  Electro-Magnetic  Telegraph,  as  tried  on  the  Great  Western 
Railway. 
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The  Specification  also  describes  another  modification  of  an 
alarum. 

This  telegraph  has  never  been  brought  into  any  extended 
practical  use  in  this  kingdom,  and  is  now  entirely  abandoned 
for  other  plans. 

The  preceding  figures  will  sufficiently  explain  the  arrange- 
ment. 

The  next  telegraph  by  Messrs.  Cooke  and  Wheatstone  was 
patented  on  the  7th  of  July,  1841,  in  the  name  of  Wheatstone 
only. 

The  Specification  principally  refers  to  electric  engines  and 
particular  means  of  producing  and  developing  the  power;  but 
it  has  also  claims  for  parts  having  reference  to  electric  tele- 
graphs. 

The  parts  referring  to  telegraphs  contain  descriptions  of 
modes  of  making  marks  on  paper  by  means  of  transfer  paper, 
and  modes  of  causing  two  or  more  electro-magnets  to  act 
in  succession  by  means  of  electricity  sent  over  only  one  line- 
wire. 

The  next  patent  taken  out  by  Messrs.  Cooke  and  Wheat- 
stone  was  for  particular  modes  of  suspending  wires  in  the  air.' 
This  patent  bears  date  the  8th  of  September,  1842,  and  was 
taken  out  in  the  name  of  Mr.  Cooke  only. 

The  modes  described  are  various,  but  the  principal  features 
wrere  the  causing  of  zones  of  dry  wood  to  exist  between  wire 
and  wire  by  means  of  artificial  boxes  or  circular  sheds  like 
umbrellas, — the  tightening  of  wires  by  certain  well-known 
mechanical  means, — the  use  of  compound  twisted  wire  —  a 
kind  of  portable  telegraph  instrument  to  be  attached  to  the 
wires, — as  also  the  use  of  wires  suspended  under  the  particular 
modes  as  described  and  patented,  if  used  for  the  purposes  of 
sending  currents  of  electricity  to  work  electric  clocks,  or  par- 
ticular kinds  of  apparatus  connected  with  certain  descriptions 
of  electric  telegraphs. 

The  plan  of  causing  zones  of  dry  wood  to  intervene  between 
wire  and  whe  was  tried  and  has  been  abandoned.  It  was  sue- 
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ceeded  by  the  following  method,  which  has  been  very  ex- 
tensively employed  in  England  until  within  the  last  few 
months. 

The  following  figures  will  explain  this  plan : 

a  a  are  arms  of  wood  attached  to  a  post  or  standard  by 
means  of  a  bolt  passing  through  the  porcelain  tubes  yy.  ee 
are  tubular  insulators  of  porcelain,  affixed  to  the  arms  by  clips 
of  iron.  The  wires  pass  through  the  tubes  e  e,  and  are  there- 
by insulated.  About  every  tenth  post  is  made  stronger  than 
the  intermediate  ones,  and  strong  cast-iron  ratchet-wheels, 


Fig.  1. 


Fig.  2. 


Fig.  3. 


with  barrels,  rr,  are  affixed  to  it  for  drawing  up  the  wires. 
When  the  wire  has  been  threaded  through  the  insulators  ee 
on  the  intervening  poles,  its  end  is  attached  to  these  winders, 
and  on  turning  the  ratchet-wheels  round  by  means  of  a  strong 
handle,  the  wire  may  be  wound  round  these  barrels  and  thus 
drawn  up  to  any  degree  of  tension  desired.  The  ratchet- 
wheels  and  barrels  on  each  side  of  the  post  are  connected  to 
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each  other  by  the  holt  6,  and  are  insulated  from  the  post  by 
means  of  the  porcelain  tubes  1 1. 

Figs.  2  and  3  show  the  plan  of  a  drawing  post  with  these 
winders  attached,  and  fig.  1  the  plan  of  an  intermediate  post. 


Fig.  4. 


Fig.  4  is  a  vertical  section  of  figs.  2  and  3.  The  posts  are 
shown  fitted  up  for  two  vertical  rows  of  wires.  The  wires  now 
used  are  of  iron,  which  is  galvanized,  to  protect  it  from  the 
action  of  the  damp  atmosphere.  They  are  of  about  one-sixth 
of  an  inch  in  diameter,  corresponding  .to  No.  8  of  the  wire 
gauge.  The  wire  being  obtained  in  as  great  lengths  as  possible 
in  the  first  place,  successive  pieces  are  welded  together  until 
a  length  of  about  440  yards  has  been  formed,  the  weight 
of  which  is  about  120  ibs. 

The  following  are  the  principal  dimensions  of  the  posts  and 
poles  used  in  the  first  telegraphs  of  the  kind  erected  in  Eng- 
land : 


1 

AT    BASE. 

AT   TOP. 

Drawing 

Intermediate 

Drawing 

Intermediate 

Posts. 

Posts. 

Posts. 

Posts. 

in.           in. 

in.        in. 

in.       in. 

in.          in. 

18ft. 

9x8 

6x6 

7   x   6| 

5£   x   4^ 

22 

10   x     8 

7   x   6 

Do. 

Do. 

28 

11   x  10 

8  x   7 

Do. 

Do. 

This  mode  of  suspending  wires  is  now,  however,  being  aban- 
doned for  a  more  simple  and  inexpensive  method.  In  the  first 
place,  the  poles  are  of  larch  or  common  fir, — the  winding 
apparatus  is  dispensed  with, — and  a  new  form  of  insulator 
adopted. 
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The  first  plan  adopted  by  Messrs.  Cooke  and  Wheatstone 
in  the  extension  of  the  conducting  wires  between  distant 
points,  was  to  cover  each  wire  with  cotton  or  silk,  and  then 
with  pitch,  caoutchouc,  resin,  or  other  non-conducting  ma- 
terial, and  to  enclose  them,  when  thus  insulated,  in  tubes  or 
pipes  of  wood,  iron,  or  earthenware.  The  telegraph  on  the 
Great  Western  line  was  originally  laid  down  on  this  method. 
This  was  soon  abandoned  for  the  introduction  of  wires  on  poles 
insulated  by  zones  of  dry  wood.  This  second  plan  in  its  turn 
has  also  been  discarded,  and  the  wires  and  poles  have  been 
pulled  up. 

Excepting  in  localities  where  the  suspension  of  wires  is  dif- 
ficult, as  in  streets  and  towns,  or  on  public  roads,  the  earlier 
method  of  placing  the  wires  in  tubes  of  iron  or  wood,  as  prac- 
tised by  Messrs.  Cooke  and  Wheatstone  and  others,  has  given 
place  to  the  above  plan. 

The  last  patent  taken  out  by  these  parties  was  dated  the  6th 
of  May,  1845. 

The  patent  is  very  voluminous  and  contains  several  improve- 
ments in  the  detailed  or  dissected  portions  of  the  telegraphs 
then  in  use.  To  give  an  idea  of  the  length  of  this  Specifi- 
cation, it  is  necessary  only  to  state,  that  the  copy  which  the 
author  has  occupies  no  less  than  90  sides  of  foolscap  paper, 
written  on  very  closely,  and  with  not  less  than  30  lines  to 
each  page,  i.e.  2/00  lines  of  closely- written  foolscap. 

The  claims  amount  to  fourteen  in  number. 

The  improvements  relate  to  particular  modes  of  moving  mag- 
netic needles, — modes  of  arranging  stops  to  needles, — modes  of 
arranging  pointers, — modes  oi*  producing  audible  sounds  for 
particular  purposes, — a  particular  kind  of  code, — other  modes 
of  moving  pointers, — a  mode  of  attaching  a  portable  telegraph 
to  the  line-wires, — improvements  in  galvanometers, — a  mode 
of  setting  free  an  alarum  by  a  falling  weight, — covering  iron 
wire  with  leaden  tubes  when  the  tubes  are  to  be  suspended  in 
the  air, — alterations  in  magneto-machines,  and  lastly,  a  par- 
ticular kind  of  key  apparatus. 

D  5 
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An  Act  of  Parliament  was  obtained  in  1845,  for  incorpo- 
rating a  Company  under  the  title  of  *THE  ELECTRIC  TELE- 
GRAPH COMPANY/  for  the  purpose  of  working  these  patents. 

DAVY'S  TELEGRAPH,  1838. 

The  patent  taken  out  next  after  the  first  two  patents  of 
Messrs.  Cooke  and  \Yheatstone  was  by  Mr.  Edward  Davy, 
and  was  sealed  on  the  4th  of  July,  1838. 

This  patent  was  for  a  chemically  marking  telegraph.  Three 
\vires  were  to  be  used,  and  points  of  metal  wire  were  to  be  caused 
to  press,  by  means  of  the  motion  of  magnetic  needles,  upon 
chemically  prepared  fabric  at  the  distant  or  receiving  station. 

The  fabric  to  be  employed  was  calico  or  paper,  and  it  was  to 
be  moistened  with  a  solution  of  hydriodate  of  potass  and  muri- 
ate of  lime. 

The  motion  of  a  needle  to  the  right  caused  a  mark  to  be 
made  on  one  part  of  the  fabric,  and  the  motion  of  the  same 
needle  to  the  left  caused  a  mark  to  be  made  on  another  part 
of  the  fabric ;  and  the  same  for  each  needle  attached  to  the 
respective  wires.  Thus  the  single  or  combined  marks  were 
made  to  express  letters  or  other  desired  symbols. 

The  Specification  contains  many  other  improvements  in  the 
details  of  a  telegraph. 

The  form  of  telegraph,  as  given,  has  never  been  brought  into 
practical  use.  The  inventor  left  this  country  for  Australia, 
and  the  patent  has  been  bought  by  the  Old  Electric  Telegraph 
Company,  but  not  used. 

This  patent  would  not  have  been  noticed,  if  it  had  not  in  a 
great  measure  formed  the  basis  of  some  of  the  chemically 
marking  telegraphs  as  used  in  this  or  other  countries ;  viz. 
those  of  Bain,  Bakewell,  and  others. 

Fig.  1  is  a  top  view  of  the  telegraph. 

Fig.  2  is  a  side  view. 

Fig.  3  is  a  section  showing  the  construction  of  the  keys. 

Fig.  4  is  a  drawing  of  the  fabric  as  it  would  appear  when 
marked  by  the  colouring  produced  by  the  electric  current. 
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BAIN  S  TELEGRAPHS. 

We  will  now  pass  on  to  the  patents  of  Mr.  Alexander  Bain. 

Mr.  Bain,  in  1845,  opposed  the  Bill  of  the  old  Electric 
Telegraph  Company,  when  before  Parliament.  The  result 
was  a  compromise  between  the  parties,  and  the  purchase  by 
that  Company  of  the  patents  of  Mr.  Bain. 

The  first  patent  of  Mr.  Bain  was  sealed  December  21,  1841. 

This  patent  relates  to  a  telegraph  applicable  to  locomotive 
engines. 

With  regard  to  that  part  which  has  more  immediate  refer- 
ence to  the  electric  telegraph,  Mr.  Bain  proposed  to  have 
the  coil  moveable,  and  the  magnet  stationary;  Cooke  and 
Wheatstone's  plan  being  the  reverse  of  this, — viz.,  the  coil 
being  stationary,  and  the  magnet  moveable. 

Mr.  Bain  proposed  to  apply  this  mode  of  obtaining  motion 
both  to  ordinary  telegraphs  as  well  as  to  a  new  form  of  print- 
ing telegraph.  This  printing  telegraph  was  an  extremely 
ingenious  one  at  the  time.  A  modification  of  it  was  afterwards 
at  work  for  some  time  over  a  few  miles  on  the  South  Western 
Railway. 

In  this  patent  also  was  included  a  mode  of  insulating 
wires  by  means  of  bitumen. 

A  second  patent  was  taken  out  by  Mr.  Bain  in  1843. 

This  patent  contains  improvements  on  the  foregoing  plans, 
besides  several  other  new  arrangements,  and  also  a  plan  of 
lowering  the  plates  of  a  battery  by  means  of  clock-work 
mechanism  and  an  electro-magnet,  so  as  to  keep  the  power 
employed  always  of  the  same  strength. 

The  patent  has  also  inventions  with  respect  to  electric 
clocks,  and  describes  as  well  a  mode  of  producing  copies  of 
type  by  means  of  electro-chemical  decomposition. 

The  telegraph  known  as  Bain's  I  and  V  telegraph  (so 
called  from  the  particular  figures  which  were  employed  in 
forming  words  and  sentences)  is  fully  described  in  the  Speci- 
fication. 
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Mr.  Bain  also,  in  the  same  Specification,  describes  his  mode 
of  burying  in  the  earth  a  mass  of  copper  at  one  terminal 
station,  and  a  mass  of  zinc  at  the  other,  and  joining,  when 
desired,  these  metals  by  the  line- wire.  A  current  of  electricity 
could  of  course  flow  through  the  wire,  and  this  electricity 
was  to  produce  the  necessary  signals. 

To  those  versed  in  the  science  of  electricity,  it  will  be 
evident  that  this  arrangement  was  but  the  using  of  one  large 
cell,  in  which  the  mass  of  copper  and  of  zinc  formed  the  plates, 
the  earth  the  jar  or  cell,  and  the  moisture  in  the  earth  the 
exciting  liquid. 

The  practical  objections  to  this  arrangement  consist  in  the 
want  of  intensity  in  the  electricity  generated,  and  in  the  mo-  , 
tion  of  a  magnetic  body  being  obtained  only  in  one  direction. 

A  third  patent  was  taken  out  by  Mr.  Bain  in  1845.  This 
patent  was  sealed  on  the  25th  September. 

The  first  part  refers  to  suspending  wires  in  a  kind  of  fence 
railing,  and  also  a  peculiar  mode  of  suspending  wires  on  posts. 

Another  part  refers  to  the  handle  apparatus  of  a  telegraph 
for  transmitting  currents  of  electricity.  There  is  nothing  newr 
in  the  principle  herein  employed,  but  the  mechanism  differed 
from  that  in  use  at  the  time. 

There  are  also  modes  of  sounding  alarums,  and  also  im- 
provements on  codes  to  be  used  with  the  I  and  V  telegraph. 

Improvements  are  also  set  forth  in  step-by-step  movement 
telegraphs,  and  in  printing  or  dotting  telegraphs.  Several 
improvements  in  electric  clocks  are  also  described. 

A  fourth  patent  was  taken  out  by  Mr.  Bain  in  1846.  This 
patent  was  sealed  on  the  12th  of  December.  The  first  part 
refers  to  the  mode  described  of  a  one- wire  chemically  marking 
telegraph.  A  circular  wheel,  with  moveable  projecting  pins, 
was  employed.  When  the  pins  wrere  pulled  out  as  the  wheel 
revolved,  they  came  into  contact  with  other  spring  pins,  and 
thus  caused  currents  of  electricity  to  be  transmitted  from  a 
battery,  producing  thereby  corresponding  chemical  marks  o» 
Chemically  prepared  paper  at  the  distant  station. 
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Another  plan  consisted  in  cutting  out  slits  of  different  lengths 
in  a  long  strip  of  paper  at  the  transmitting  station,  and  allowing 
this  perforated  strip  to  pass  uniformly  over  a  metal  cylinder 
with  a  pin  or  spring  pressing  on  the  top  of  the  paper.  When- 
ever, therefore,  a  hole  in  the  paper  passed  under  the  pin,  the 
pin  came  into  metallic  contact  with  the  cylinder  underneath, 
and  allowed  a  current  of  electricity  to  pass  through  the  line- 
wire.  All  the  holes  in  the  paper,  and  their  length,  were 
therefore  proportionably  represented  at  the  distant  station 
by  chemical  marks  of  corresponding  lengths  on  the  prepared 
paper  at  that  station.  This  form  of  telegraph  is  the  quickest 
at  present  invented.  It  does  not,  however,  seem  suited  to 
ordinary  communications,  but  only  to  the  transmission  of  very 
long  documents  on  extraordinary  occasions. 

If  one  person  only  is  employed  to  punch  holes  in  the  paper, 
it  is  evident  that,  instead  of  making  a  hole  in  the  paper,  a 
current  of  electricity  might  as  readily  be  sent,  and  a  chemical 
mark  made  at  the  distant  station,  and  thus  the  message  might 
actually  be  sent  in  the  same  time  as  that  required  for  cutting 
the  paper.  But  this  remark  applies  only  to  the  case  where 
there  is  but  one  attendant  for  a  wire.  If  a  number  of  men  be 
employed  at  each  station,  then,  by  dividing  the  message  into 
parts,  and  each  man  punching  out  his  part,  the  whole  paper 
can  be  perforated  in  less  time  than  one  man  could  send  the 
message.  On  uniting  this  perforated  paper,  and  applying  it  to 
a  machine,  and  on  turning  the  cylinder  round,  corresponding 
chemical  marks  may  be  made  at  a  distant  station  with  very 
great  rapidity.  The  commercial  question  is  therefore,  where 
ordinary  communications  are  alone  required,  one  of  large 
working  expenses  versus  a  rather  larger  outlay  of  capital  in 
the  first  instance.  The  plan  proposed,  however,  is  most  inge- 
nious, and  the  instrument  will  form  a  good  adjunct  to  the 
other  instruments  at  very  important  stations. 

This  same  patent  also  includes  a  form  of  telegraph  post. 
This  is  composed  of  four  thin  slabs  of  timber  fastened  toge- 
ther in  the  manner  of  a  box,  the  interior  being  hollow.  •  The 
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author  is  not  aware  tliat  this  plan  of  post  has  ever  heen 
adopted. 

Owing  to  the  fact  that  no  publication  of  the  Specifications 
of  these  patents  has  yet  been  made,  the  author  is  unable  to  give 
drawings  of  the  same,  or  to  refer  more  fully  thereto.  These 
telegraphs  show  very  great  ingenuity  in  their  various  parts,  as 
also  in  the  mechanical  details  employed. 

HIGHTONS*    TELEGRAPHS. 

The  next  patents  in  order  are  those  of  the  Messrs.  II.  and 
E.  Highton, — viz.  those  of  the  Rev.  H.  Highton,  M.A.,  and  of 
his  brother,  Mr.  Edward  Highton,  C.E.,  (the  author  of  the 
present  treatise.) 

The  first  patent  was  taken  out  in  1844  by  the  Rev.  H. 
Highton.  In  this  telegraph  electricity  of  high  tension  was 
employed,  viz.  that  produced  either  from  the  ordinary  electric 
machine,  or  from  the  hydro-electric  machine  ;  one  wire  only 
was  used.  A  piece  of  paper,  which  was  moved  uniformly  by 
clock-work  mechanism,  was  conducted  at  the  receiving  station 
between  two  points  of  metal  in  connection  with  the  line-wire, 
the  points  being  placed  one  above  the  other,  and  on  opposite 
sides  of  the  paper.  On  sending  currents  of  electricity,  the  paper 
was  pierced  by  the  electricity,  every  shock  making  a  little  hole 
through  it.  If  the  electricity  transmitted  were  positive,  a  hole 
was  pierced  at  one  of  those  points,  and  if  negative,  a  hole  was 
made  at  the  other  point.  By  the  combination  of  these  per- 
forations letters  and  symbols  were  denoted. 
.  By  an  arrangement  of  these  dots  or  holes,  under  the  ordinary 
mathematical  law,  from  30  successive  currents  of  electricity, 
occupying,  say,  15  seconds  of  time,  no  less  than  1, 073,74 1,'824 
different  signals  could  be  made. 

Ten  miles  of  wire  were  erected  on  the  London  and  North 
"Western  Railway,  for  the  purpose  of  testing  the  practicability 
of  the  plan,  and  of  obtaining  certain  fundamental  laws  as  to 
the  transmission  of  electric  currents.  The  signals  were  found 
to  be  given  with  great  certainty,  and  the  paper,  moistened 
with  dilute  acid,  was  pierced  even  when  a  Ley  den  jar,  filled 
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only  with  water,  and  in  size  not  greater  than  one's  little  finger, 
was  employed. 

The  acceptance  by  the  author  of  an  appointment  as  General 
Superintendent  to  a  railway  company,  and  his  being  engaged 
in  other  engineering  works,  prevented  the  further  carrying 
out  of  this  plan  of  telegraph. 

The  plan  was  submitted  to  the  Government,  and  an  offer 
was  made  to  connect  Liverpool  with  London  by  means  of  this 
telegraph,  and  that  at  the  sole  risk  of  the  patentee  and  the 
author,  provided  that  the  Government  would  obtain  for  them, 
for  such  purpose,  liberty  to  use  the  lines  of  the  London  and 
Birmingham,  Grand  Junction,  and  Liverpool  and  Man- 
chester Railways.  The  Government,  however,  found  that 
at  that  time  they  possessed  no  compulsory  power  to  grant  such 
license,  even  for  a  telegraph  for  their  own  use  ;  and  hence  in  a 
Bill  passing  through  Parliament  at  the  time  with  reference  to 
railways,  clauses  were  added,  giving  this  power  to  Government 
for  telegraphs  for  their  own  purposes.  This,  it  is  believed,  was 
done  at  the  instigation  of  the  late  Sir  Robert  Peel,  with  whom 
the  author  was  at  the  time  in  communication  on  the  subject. 

The  paper,  when  marked,  would  appear  thus  : — 


Highton's  system  of  marks  for  high-tension  electricity. 

The  above,  on  one  plan,  would  correspond  with  the  number 
12,413,411,  and  would  in  sending  occupy  only  some  5  or 
6  seconds. 

HIGHTON'S  TELEGRAPHS. 

The  next  patent  was  taken  out  by  the  Rev.  H.  Highton, 
M.  A.,  in  1846.  The  telegraph  included  in  this  patent  is 
known  as  the  Gold-leaf  Telegraph. 

A  small  strip  of  gold-leaf  inserted  in  a  glass  tube  was  made 
to  form  part  of  the  electric  circuit  of  the  line-wire.  A  perma- 
nent magnet  was  placed  in  close  proximity  thereto.  When  a 
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current  of  electricity  was  passed  along  the  line- wire,  the  strip 
of  gold  leaf  was  instantly  moved  to  the  right  or  left,  according 
to  the  direction  of  the  current. 

The  author  lays  no  claim  to  this  invention ;  he  was  at  the 
time  occupied  in  important  engineering  works,  and  did  not 
even  see  this  form  of  telegraph  until  it  was  hought  by  the 
old  Electric  Telegraph  Company,  in  consideration  of  a  small 
annuity  for  fourteen  years,  which  the  Company  agreed  to  pay 
to  the  inventor  for  the  exclusive  use  of  the  invention. 

The  following  will  fully  explain  this  most  simple  and  per- 
fect telegraph : 

Extract  from  the  Specification  of  the  Patent  granted  to  Henry 
Highton,  of  Rugby,  in  the  county  of  Warwick,  Master  of 
Arts,  for  improvements  in  Electric  Telegraphs.  Sealed 
Februarys,  1846. 

"To  all  to  whom  these  presents  shall  come,  &c.  &c. — In 
the  electric  telegraphs  now  commonly  used  on  English  rail- 
ways, signals  are  given  by  the  motions  of  magnetic  needles, 
which  are  caused  to  move  to 
either  side  by  the  action  of 
electric  currents  passed  in  either 
direction  through  coils  of  wire 
surrounding  magnetic  needles. 
And  I  have  discovered  that 
signals  can  be  exhibited  in 
electric  telegraphs  by  motions 
produced  by  electric  currents 
in  strips  of  metallic  leaf,  suit- 
ably placed,  in  a  very  cheap 
form  of  signal  apparatus,  re- 
sembling a  gold-leaf  galvano- 
meter. 

"  The  drawing  hereunto  an- 
nexed represents  a  signal  appa- 
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ratus,  consisting  of  a  glass  tube,  A,  fitted  in  brass  caps,  «,  «, 
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at  top  and  bottom,  and  having  a  strip  of  metallic  leaf,  B, 
(gold  leaf  being  the  kind  of  metallic  leaf  which  I  usually  em- 
Fig.  1.— Gold-leaf  Telegraph  for  one  line- wire,  with  code  table  shown  on 
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ploy,)  passing  through  its  centre,  loosely  hung,  in  metallic 
contact  with  the  said  caps ;  the  upper  extremity  of  the  metal- 
lic leaf  being  fixed  at  right  angles  to  its  lower  end,  so  that  the 
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metallic  leaf,  from  whatever  direction  seen,  will  present  at 
some  part  its  flat  surface  to  the  eye.  The  caps,  #,  a,  (which 
are  moveable,  in  order  that  the  metallic  leaf  may  be  replaced, 
if  broken,)  are  placed  in  a  circuit  suitable  for  electro-telegraphic 
communication. 

"  Near  to  the  metallic  leaf  (as  on  the  outside  of  the  glass) 
is  placed  either  of  the  poles  of  a  magnet,  c.  And  the  effect  of 
this  arrangement  is,  that  when  a  current  of  voltaic  electricity 
is  caused  to  pass  through  the  circuit,  and,  therefore,  also 
through  the  metallic  leaf,  B,  included  in  it,  the  metallic  leaf  is 
deflected  to  one  side  or  the  other,  according  to  the  direction  of 
the  current.  And  the  distinct  motions  so  obtained  may  be 
repeated  and  combined,  and  used  for  the  purpose  of  desig- 
nating letters  or  figures,  or  other  conventional  signals. 

"  One  of  the  above-mentioned  signal  apparatuses  is  placed 
at  each  terminus  of  telegraphic  communication,  and  others 
may  be  placed  at  intermediate  points. 

"  Each  terminus,  and  also  each  intermediate  station,  is  pro- 
vided with  a  voltaic  battery  and  with  one  of  the  key -boards  in 
use  in  single  magnetic- needle  electric  telegraphs.  The  person 
in  charge  of  the  telegraph  at  either  terminus,  or  at  any  inter- 
mediate station,  produces  the  requisite  connections  for  causing 
an  electric  current  to  pass  in  either  direction  through  the 
circuit,  and,  therefore,  through  the  metallic  leaf  of  the  signal 
apparatus  of  each  terminal  or  intermediate  station*  and  thus 
cause  the  metallic  leaf  of  all  the  signal  apparatuses  to  move 
simultaneously  to  either  side,  so  as  to  give  the  required  signal 
or  signals. 

"  The  key-board  of  each  terminal  or  intermediate  station 
has  a  handle,  by  moving  which  the  person  in  charge  of  the 
telegraph  at  any  station  can  cause  an  electric  current  to  pass 
through  a  circuit  in  connection  with  a  system  of  alarums  at  the 
terminal  and  intermediate  stations,  similar  to  those  in  use  in 
magnetic-needle  electric  telegraphs. " 

The  next  patent  was  taken  out  in  January,  1848,  by  Messrs. 
H.  and  E.  Highton. 
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To  the  inventions  contained  in  this  patent,  the  author 
devoted  a  great  amount  of  labour,  money,  and  time. 

The  author  was  acting  as  Telegraphic  Engineer  to  the  Lon- 
don and  North  Western  Railway  Company,  and  was  pressed 
hy  that  Company  to  invent  a  set  of  electric  telegraphs  free 
from  the  objections  and  defects  inherent  to  most  telegraphs  then 
in  use,  and  free  also  from  any  of  the  then  existing  patents. 

Every  telegraph  proposed  or  executed,  either  at  home  or 
abroad,  was  minutely  investigated,  and  their  defects  studied 
with  the  greatest  care.  Neither  time  nor  money  was  spared 
to  accomplish  the  objects  desired. 

The  result  was  a  series  of  inventions  of  great  variety  and 
extent. 

For  these  inventions,  the  patentees  received  from  the  hands 
of  His  Royal  Highness  Prince  Albert,  as  President  of  the  So- 
ciety of  Arts,  the  greatest  honour  the  Society  has  the  power  to 
bestow,  viz.  their  Large  Gold  Medal. 

Several  of  the  plans  were  immediately  adopted  on  the  Lon- 
don and  North  Western  Railway,  in  preference  to  those  of  the 
old  Electric  Telegraph  Company,  who  then  possessed  a  great 
number  of  patents.  The  telegraphs  gave  the  greatest  satis- 
faction, and  have  been  in  constant  daily  use  ever  since. 

But  to  enumerate  the  principal  features  only  of  the  in- 
ventions in  this  patent — 

The  horse-shoe  magnet  was  suited  to  coils,  and  found  to  be 
much  superior  to  the  old  straight  magnetic  needle  and  coil  of 
Messrs.  Cooke  and  Wheatstone. 

In  step-by-step  motion  telegraphs  a  means  was  provided  for 
causing  the  pointer  or  disc  at  once  to  progress  by  one  bound 
to  zero  on  the  starting-point. 

The  maximum  work  capable  of  being  produced  by  any 
number  of  lines  was  taken  advantage  of,  and  thus  three  wires 
were  made  to  produce  26  primary  signals,  and  so  to  show 
instantly  any  desired  letter  of  the  alphabet. 
.  Under  Ampere's  plan,  26  wires  must  have  been  used,  and 
under  Cooke  and  Wheats  tone's  patent  6  wires. 
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Fig.  D. 


.Fig.  B. 


Suitable  keys  were  devised  for  sending  currents  of  electricity 
over  three  wires  in  the  26  orders  of  variation. 

Direct-action  printing  telegraphs  were  devised,  so  that  a 
single  touch  of  one  out  of  26  keys  caused  instantly  any  desired 
one  out  of  26  letters  or  symbols  to  be  printed. 

The  insulation  of  wires  was  improved,  and  many  other  im- 
provements relating  to  electric  telegraphs  effected. 

The    following   diagrams   show    some    of   the    telegraphs 
constructed    under    this      Fig.  A.          Fig.  c. 
patent. 

Figs.  A,  B,  and  c,  show 
one  form  of  the  arrange- 
ment and  parts  of  the 
horse  -  shoe  magnet  and 
coil,  as  arranged  under 
this  patent. 

Fig.  D  is  another  form. 
— In  this  the  coil  is  circular. 

The  advantage  of  the  horse-shoe  magnet  over  the  straight 
magnet  or  magnetic  needle  of  Professor  Wheatstone  may  be 
thus  stated :  When  a  coil  surrounds  a  straight  magnetic 
needle,  as  used  by  Messrs.  Cooke  and  Wheatstone,  each 
convolution  of  the  wire  has  to  pass  twice  over  the  central  or 
dead  part  of  the  magnet ;  whereas,  if  the  horse-shoe  magnet 
be  employed,  there  is  wire  only  where  there  is  magnetism  in 
the  magnet  to  be  acted  on.  This  latter  arrangement  there- 
fore enables  all  superfluous  resistance  in  the  circuit  to  be  dis- 
pensed with  ;  and  hence  the  same  amount  of  electric  power  is 
enabled  to  produce  a  far  greater  effect  on  the  distant  tele- 
graphic instruments,  or  less  power  to  produce  an  equal  effect. 
Currents  of  electricity  from  secondary  batteries  were  to  be  em- 
ployed where  great  mechanical  effects  were  desired  at  the  dis- 
tant station.  An  instrument  was  devised  for  this  purpose, 
which  was  called  a  Peraenode. 

The  next  patent  was  taken  out  by  the  author  on  the  7th 
February,  1850. 
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Fig.  2. — Single-pointer  Telegraph  for  one  line-wire,  with  code  shown 
on  dial.  The  pointer  is  moved  to  the  right  or  left  by  the  horse-shoe 
magnet  and  coil. 

The  patent  contains  a  great  many  improvements  in  different 
classes  of  telegraphs.  A  few  only  of  the  principal  features 
will  be  alluded  to  here. 

The  first  part  refers  to  modes  of  arranging  electric  circuits. 

Means  of  employing  electricity  of  different  degrees  of  tension 
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Fig.  3. — Double-pointer  Telegraph  for  two  line-wires,  with  code  table. 

and  of  different  periods  of  duration  are  also  shown,  so  that  two 
kinds  of  electric  apparatus  may  he  connected  to  one  line-wire, 
and  one  only  worked,  as  desired.  By  this  means  one  of  the 
wires  usually  employed  was  rendered  unnecessary.  Other 
improvements  relating  to  the  dials  are  also  made. 

A  new  mode  of  causing  motion  in  soft  iron,  by  temporarily 
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Fig.  4. — Revolving  Pointer  Telegraph  with  double  -  action  escapement 
for  either  one  or  two  line-wires,  the  pointer  being  able  to  progress  from 
letter  to  letter,  or  to  pass  by  one  bound  from  any  letter  the  whole 
distance  up  to  zero. 

'magnetizing  it  by  the  contiguity  of  a  powerful  magnet,  is 
described,  which  promises  to  be  of  great  value  in  electric  tele- 
graphs, as  by  the  employment  of  this  apparatus  any  demagnet- 
ization of  the  magnets  in  thunder-storms  is  entirely  obviated, 
and  the  coils  of  wire  are  made  to  give  out  more  power. 

Pendulous  or  vibrating  bodies  in  step-by-step  motion  tele- 
graphs are  introduced  in  order  that  a  definite  period  of  time 
may  elapse  between  each  successive  current  of  electricity ;  and 
these  same  bodies  are  caused  to  make  and  break  the  circuit, 
so  that  no  second  current  can  be  transmitted  till  all  the  instru- 
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Fig.  5. — Revolving  Disc  Telegraph  with  new  double-action  escapement  for 
either  one  or  two  line-wires. 

ments  in  a  series  have  completed  the  work  due  to  the  prior 
current.  In  this  way  all  overrunning  or  lagging  behind  of  one 
instrument,  as  before  described,  is  entirely  obviated. 

Another  important  improvement  consists  in  the  batteries. 
Batteries,  as  therein  described,  require  not  the  slightest  atten- 
tion for  months  together,  and  many  are  now  employed  in  doing 
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Fig.  6. — Direct  Letter-showing  Telegraph  for  three  line-wires. 

N.B. — In  this  instrument  the  desired  letters  are  brought  instantly  into 
view  in  the  centre  of  the  dial  by  means  of  three  moveable  screens,  A,  B, 
and  c. 
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the  most  severe  work  on  the  London  and  North  Western 
Railway,  which  are  never  touched  from  periods  of  from  three 
to  twelve  months  at  a  time,  and  yet  give  out,  whenever  re- 
quired, a  constant  and  equable  flow  of  the  electric  power. 

This  is  accomplished  by  the  substitution  of  a  solution  of  the 
sulphates  of  the    earths  ,: 

instead  of  sulphuric  acid. 

A  further  improvement 
consists  in  the  forma- 
tion of  telegraphic  posts, 
whereby  those  of  the 
best  foreign  timber  may 
be  constructed  at  one- 
half  the  former  cost. 

Many  other   improve- 
ments     are      described, 
which  it  would  be  tedi- 
ous   to    enumerate,    and         Fig.  7.  —  Telegraph  for  printing  the 
which  can  only  be  pro-      letters  of  the  alphabet,  to  be  used  with 
perly   understood    by   a      one  line-wire, 
reference  to  the  Specification. 


Fig.  8. — Printing  Telegraph  suited  for  either  one,  two,  or  three  line- 
wires,  according  to  the  rapidity  of  transmission  desired.  In  this  telegraph 
the  letters  are  printed  by  one  touch  of  a  key  when  three  wires  are  used. 

The  next  patent  was  taken  out  by  the  author  in  September, 
1850. 
This  patent  relates  to   Submarine  Telegraphs.     The  in- 
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sulated  wires  are  protected  by  being  placed  in  the  centre  of 
a  cable  of  wire-rope,  or  within  strands  of  wire.  Owing  to 
the  expense  of  patents  in  England  as  compared  with  their 
cost  in  France,  and  as  it  did  not  appear  to  the  author  that 
this  arrangement  of  protecting  the  wire  would  be  required  in 
England,  excepting  between  England  and  France,  and  England 
and  Ireland,  the  patent  was  taken  out  for  France,  Ireland, 
and  Scotland  only,  instead  of  for  England  as  well. 

For  details  of  these  several  patents  the  reader  is  referred  to 
the  Specifications. 

An  Act  of  Parliament 
was  obtained  in  1850  for 
the  incorporation  of  a 
Company  under  the 
title  of  'THE  BRITISH 
ELECTRIC  TELEGRAPH 
COMPANY,'  for  the  ex- 
press purpose  of  working 
and  bringing  into  more 
general  use  the  tele- 
graphs of  Messrs.  High- 
ton. 

The  Printing  Tele- 
graphs of  Messrs.  High- 
ton  have  not  as  yet  been 
used  for  commercial  pur- 
poses, as  the  wires  of  the 
British  are  only  now  in 
process  of  being  laid 
down. 


A  brief  extract  from 
the  Specification  of  the 
Telegraphic  Wire  -  rope 
may  not  prove  unin- 
teresting. 


Fig.  9.  —  Telegraph  for  printing  letters 
of  the  alphabet,  and  suited  to  either  one, 
two,  or  three  line-wires.  In  this  tele- 
graph the  letters  are  printed  by  one 
touch  of  a  key. 
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Extract  from  the  Specification  of  the  Patent  granted  to  Edward 
Highton,  Civil  Engineer,  of  Clarence  Villa,  Gloucester 
Road,  Regent's  Park,  London,  for  Improvements  in 
Electric  Telegraphs.  Dated  September  21,  1850. 

"  My  present  improvement  relates  to  the  manner  of  protect- 
ing and  using  insulated  telegraphic  wires. 

"The  wires  for  electro-telegraphic  purposes,  when  buried 
in  the  ground,  or  through  the  sea  or  rivers,  or  attached  to  the 
walls  of  tunnels,  &c.,  have  generally  been  insulated  with  gutta 
percha,  caoutchouc,  shell-lac,  pitch,  and  tar,  or  other  resinous 
substances,  and  covered  with  a  leaden  or  other  flexible  metallic 
tube,  or  have  been  placed  in  an  iron  tube  or  porcelain  tube ; 
such  leaden  flexible  tube,  or  iron  tube,  or  porcelain  tube,  being 
principally  used  for  the  purpose  of  protecting  the  insulated 
wires  from  mechanical  injury. 

"  My  improvement  consists  in  surrounding  the  insulated 
wires  or  strands  of  wire,  by  putting  them  in  the  middle  of  a 
wire-rope,  so  that  the  insulated  wires  may  be  surrounded  with 
a  flexible  covering  of  iron,  or  galvanized  iron  or  brass,  or  other 
hard  wire,  or  small  rods  of  such  materials. 

"  In  most  cases  it  is  usual  in  making  a  wire-rope  to  place  a 
hempen  core  in  the  middle,  round  which  the  wires  or  strands 
of  wires  are  made  to  run  in  spiral  curves. 

"  If,  then,  instead  of  such  hempen  core,  a  wire  or  wires 
properly  insulated  by  gutta  percha  or  other  insulating  mate- 
rial, and,  if  desired,  covered  also  with  a  leaden  tube,  or  other 
flexible  metallic  tube,  or  wound  round  with  hemp,  coir,  or 
rope,  be  used  instead  of  such  hempen  core, — then  when  the 
wires  forming  the  wire-rope  are  twisted  round  such  insulated 
wires,  a  wire-rope  will  be  formed,  having  in  the  middle  for  a 
core  one  or  more  insulated  wires,  as  the  case  may  be,  and 
these  insulated  wires  will  thus  be  protected  from  mechanical 
injury  by  such  coating  of  wire-rope  or  outer  wires,  and  consi- 
derable flexibility  will  also  be  attained,  and  the  insulated  wires 
will  thus  be  made  better  able  to  resist  also  any  lateral  or  lon- 
gitudinal strains  to  which  they  may  be  subjected. 
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"  I  do  not  deem  it  necessary  to  describe  the  modes  of  mak- 
ing wire-ropes,  as  they  are  now  so  well  known,  nor  of  enclosing 
therein  a  hempen  core.  My  improvement,  it  will  be  observed, 
consists  in  the  substitution  of  an  insulated  wire  or  wires  for  the 
hempen  core  usually  employed  in  the  manufacture  of  wire- 
ropes,  so  that  the  same  may  be  used  for  electro-telegraphic 
purposes,  and  in  the  employment,  during  the  manufacture  of 
such  wire-rope,  of  such  central  core  of  insulated  wires. 

"  Instead  of  the  wire-rope  being  made  circular,  a  flat  wire- 
rope  or  band  may  be  used,  and  then  by  doubling  the  same 
over  the  insulated  wires,  so  as  to  enclose  them  therein ;  and 
by  fastening  the  rope  so  doubled  over  in  such  position  by 
hoops,  bands,  or  ties,  or  other  convenient  means,  another  form 
of  flexible  and  strong  covering  may  be  given  to  insulated  wires ; 
and  possessing  also  this  advantage,  viz.,  by  removing  the  bands 
or  ties,  the  insulated  wires  may  at  any  time  be  exposed,  and 
any  repairs  done  to  them. 

1  'Such  insulated  wires,  when  so  protected  from  external 
injury,  may  be  used  for  laying  down  through  the  sea  or  rivers, 
or  under  the  earth,  or  for  attaching  to  the  sides  of  walls,  or 
they  may  be  suspended  in  the  air. 

"  In  all  the  above  cases,  I  prefer  saturating  the  rope  with  a 
mixture  of  pitch  and  tar,  or  marine  glue,  or  such  like  sub- 
stance, either  during  its  manufacture  or  after  it  is  completed, 
or  at  both  stages  of  its  condition/* 

Another  patent  for  further  improvements  in  electric  tele- 
graphs has  been  taken  out  by  the  author,  the  Specification  of 
which  falls  due  in  July,  1852. 

NOTT'S    TELEGRAPH. 

On  the  20th  of  January,  1846,  Mr.  John  Nott  took  out  a 
patent  for  a  particular  description  of  an  electric  telegraph. 

In  this  instrument  an  electro-magnet  of  iron  acting  on  an 
armature  causes  a  pallet  (which  is  so  set  as  to  catch  into  the 
teeth  of  a  wheel)  to  force  the  wheel  forward  one  tooth  on  the 
sending  of  each  current  of  electricity.  By  the  sending  of  cur- 
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rents  of  electricity  at  small  intervals  of  time,  the  wheel  and 
pointer  attached  to  it  may  thus  be  worked  round  to  any  desired 
point  on  a  dial. 

Letters  were  engraved  on  this  dial,  and  thus  any  letter 
might  be  pointed  out  by  the  hand  being  allowed  to  rest  at  such 
letter  for  a  short  period  of  time. 

This  telegraph  was  tried  for  five  miles  on  the  London  and 
North  Western  Railway.  The  old  Electric  Telegraph  Com- 
pany brought  an  action  against  the  owners  of  the  patent  for  a 
supposed  infringement  of  some  of  their  patents.  The  matter, 
however,  was  compromised  by  the  Company  purchasing  cer- 

Fig.  1. 
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tain  shares  in  the  patent,  and  taking  into  their  own  establish- 
ment certain  parties  connected  with  the  patent. 

The  proceedings  before  the  Court  of  Chancery  were  very 
interesting  to  parties  conversant  with  electricity,  and  numerous 
affidavits  by  men  of  the  highest  standing  in  science  were  made 
on  the  occasion. 

This  telegraph,  although  at  work  for  some  time  between 
Northampton  and  Blisworth,  is  now  no  longer  in  use. 

Fig.  1  shows  the  front  of  one  of  Nott's  instruments. 

Fig.  2. 


Fig.  2  shows  the  interior.  A  and  B  are  electro-magnets  with 
armatures  c  and  D,  working  on  centres  j  and  K  ;  E  is  a  ratchet- 
wheel  in  which  pallets  F  and  r  work. 
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In  this  ratchet-wheel  the  hand  shown  on  the  dial  in  fig.  2  is 
attached.  As  the  armatures  c  and  D  are  attracted  to  the  elec- 
tro-magnets A  and  B,  the  wheel  E  is  forced  forward  one  tooth, 
and  the  hand  progresses  from  one  letter  to  the  next.  A  simi- 
lar movement  occurs  when  the  current  ceases,  the  armatures 
being  forced  back  by  the  springs  s  and  s.  In  this  way  the 
hand  may  be  brought  successively  opposite  to  any  desired 
letters,  x  is  an  electro-magnet  for  sounding  the  alarum 
before  a  communication  is  made. 

POOLERS    PATENT. 

A  patent  was  granted  on  the  14th  of  December,  1846,  to 
Moses  Poole. 

Who  the  real  inventor  was  does  not  appear,  as  the  patent 
was  taken  out  in  this  country  as  a  communication  from  a 
foreigner  abroad. 

The  object  of  this  patent  seems  to  have  been  twofold  —  the 
one  to  improve  on  the  many  detailed  parts  of  an  electric  tele- 
graph, and  the  other  to  obtain  telegraphs  free  from  the  patents 
of  Messrs.  Cooke  and  Wheatstone. 

The  Specification  is  very  long  and  tedious,  and  any  descrip- 
tion here  of  each  part  would  entail  the  necessity  of  very 
lengthy  remarks,  and  would  far  exceed  the  limits  allowed  in 
this  treatise. 

There  is  one  novel  point,  however,  which  is  worthy  of 
remark,  and  that  is,  that  the  metal  nickel  is  proposed  as  a  sub- 
stitute for  soft  iron  in  electro-magnets.  The  author  had  him- 
self, a  short  time  after  this  patent  was  taken  out,  the  particu- 
lars of  which  were  unknown  to  him  at  the  time,  found  from  a 
very  extensive  set  of  experiments,  conducted  for  the  London 
and  North  Western  Railway  Company  on  various  metals,  that 
nickel  might  be  so  employed,  and  he  gave  instructions  for  a 
patent  to  be  taken  out  for  the  same  in  this  kingdom  ;  but  on 
learning  that  a  patent  had  already  been  secured  for  that  pur- 
pose, he  at  once  arranged  for  the  sole  use  thereof  in  Great 
Britain. 

E  5 
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The  metal  nickel  has  now  long  been  used  by  the  author  in 
his  telegraphs  on  the  London  and  North  Western  Railway,  and 
with  considerable  success. 

The  patent  refers  also  to  improvements  in  insulators,  in 
wires,  in  magnets,  in  keys  for  transmitting  currents  of  elec- 
tricity, in  dials,  in  magneto-machines, — in  short,  to  most  of  the 
detailed  parts  of  an  electric  telegraph,  —  but  no  new  principle 
seemed  to  be  contained  in  this  very  long  Specification. 

BRETT    AND    LITTLE'S    TELEGRAPH. 

This  patent  was  taken  out  by  Alfred  Brett  and  George 
Little,  and  is  dated  llth  February,  1847. 

The  Specification  is  a  very  long  one. 

In  telegraphs  under  this  patent  a  flat  metallic  partially  mag- 
netized ring  was  used  instead  of  the  magnetic  needle.  A  suit- 
able coil  was  attached,  by  which  the  magnetic  ring  could  be 
moved  to  the  right  or  left. 

This  ring,  moving  to  the  right,  acted  on  one  pointer,  while  its 
motion  to  the  left  acted  on  another  pointer  ;  by  the  single  and 
combined  motions  of  these  two  pointers  the  desired  letters  and 
symbols  were  denoted. 

The  Specification  describes  many  forms  of  this  arrangement, 
and  also  a  new  kind  of  key  or  handle  apparatus  for  transmitting 
the  necessary  currents  of  electricity.  An  alarum  was  also  set 
free  by  the  motion  of  this  ring. 

The  Specification  also  describes  an  arrangement  of  lightning 
conductor, — a  mode  of  insulating  wires, — a  new  arrangement 
of  galvanic  battery,  in  which  the  exhausted  liquid  was  allowed 
to  run  out  from  the  cells  and  fresh  liquid  to  drop  in.  An 
arrangement  for  the  adoption  of  the  magnetic  ring  to  electric 
clocks  is  also  given. 

Instruments  under  this  patent  have  been  used  in  England 
for  railway  purposes. 

The  old  Electric  Telegraph  Company,  conceiving  that  the 
way  in  which  the  telegraphs  of  Messrs.  Brett  and  Little  were 
put  up  were  infringements  of  their  plans,  took  legal  proceed- 
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ings  against  the  patentees.  On  certain  points  an  adverse 
decision  was  come  to  as  regards  the  defendants,  and  arrange- 
ments were  afterwards  made  with  the  Telegraph  Company. 

HENLEY   AND    FORSTER's   TELEGRAPH. 

In  1848  a  patent  was  taken  out  by  Messrs.  Forster  and 
Henley,  for  the  following  kind  of  electric  telegraph  : — 

Between  the  poles  of  an  electro-magnet  a  magnetic  needle  is 
placed,  moveahle  on  an  axle ;  to  this  axle  a  pointer  is  affixed ;  a 
stop  is  placed,  so  that  the  magnetic  needle  has  motion  only  on 
one  side  from  its  normal  point  of  rest :  when  a  current  of  elec- 
tricity in  one  direction  is  sent  round  the  electro-magnet,  the 
magnetic  needle  is  attracted  thereby,  and  moves  from  its  nor- 
mal stop  to  another  placed  to  limit  its  motion.  Instead  of  the 
needle  returning  to  its  stop  when  the  current  ceases,  the  in- 
ductive influence  of  the  magnetic  needle  on  the  electro-magnet 
causes  the  magnetic  needle  to  remain  in  that  new  position 
until  a  current  of  electricity  is  sent  in  the  contrary  direction ; 
and  then  the  magnetic  needle  is  moved  from  that  position  to 
its  original  position  of  rest.  It  thus  remains  at  that  stop  till 
another  current  in  the  original  direction  is  transmitted.  By 
having  two  line-wires,  and  two  magnetic  needles  and  electro- 
magnets, and  two  pointers,  the  combination  of  the  motions  of 
the  pointers  represents  the  letters  of  the  alphabet. 

The  electricity  produced  is  from  the  magneto-machine,  as 
was  used  by  Steinheil  in  1837. 

Kg.  I. 
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An  Act  of  Parliament  has  been  obtained  to  incorporate  a\ 
Company  under  the  name  of  the  '  Magnetic  Telegraph  Com- 
pany/ for  the  purpose  of  working  this  form  of  telegraph. 

The  preceding  diagram  will  explain  the  arrangement — 

Fig.  1  shows  the  interior  of  the  instrument. 

Fig.  2  shows  the  instrument  complete  in  its  case. 

Fig.  2. 


In  fig.  3,  N  s  represents  the  magnetic  needle,  and  A  c  and 
Fig.  3.  BD  the  horns  of  the   electro- magnet. 

On  pressing  down  the  lever  the  ends  of 
the  armature  change  place  with  respect 
to  the  poles  of  the  magnet.  This  pro- 
duces a  current  of  electricity  in  the 
armature,  and  through  the  circuit, 
which,  passing  round  the  wire  on  the 
electro  -  magnet,  causes  it  to  become 
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magnetic,  and  thus  moves  the  magnet  N  s,  say  into  the 
position  shown  in  the  diagram.  While  the  handle  is  kept 
down,  although  no  electricity  is  passing,  the  needle  is  kept 
deflected  hy  the  induced  magnetism  in  the  horns.  On 
allowing  the  lever  to  return  by  the  force  of  the  spring  on  the 
base,  the  ends  of  the  armatures  and  magnets  again  change 
places,  and  a  current  of  electricity  is  produced  in  the  opposite 
direction,  which  entirely  neutralizes  the  induced  magnetism, 
and  then  reverses  the  poles  of  the  electro-magnet,  bringing 
the  needle  to  the  opposite  side. 

The  author  is  sorry  that  the  limits  allowed  forbid  his  de- 
scribing the  several  inventions  of  Messrs.  Barlow,  Bakewell, 
Jacob  Brett,  Brown,  Clarke,  Bering,  Dugardin,  Hatcher, 
Little,  Mapple,  Pulvernachi,  Ricardo,  Reid,  Ward,  WTilliams, 
and  others. 

Several  patents  have  also  lately  been  applied  for ;  the  par- 
ticulars of  these  inventions,  however,  are  as  yet  unknown. 

For  a  description  of  the  improvements  of  these  parties,  some 
of  which  relate  only  to  one  part  of  a  telegraph,  such  as  the 
wires  for  instance,  the  author  must  refer  those  who  wish  for 
more  detailed  information  thereon  to  the  Specifications  them- 
selves, as  enrolled  in  the  Court  of  Chancery. 

An  abstract,  more  or  less  complete,  of  some  of  them,  may 
be  found  in  various  periodicals  about  the  dates  of  those 
patents. 

With  the  above  brief  description  of  the  principal  features 
of  a  few  of  the  patents  taken  out  for  improvements  in  electric 
telegraphs,  it  is  proposed  to  leave  this  part  of  the  subject. 

It  must  be  understood  that  although  throughout  the  whole 
of  that  description  the  word  improvements  has  been  frequently 
used,  it  is  merely  employed  in  the  patent  sense  of  the  word  -, 
and  this  often  means  nothing  more  than  another  mode  of 
accomplishing  a  certain  known  end  than  that  which  had  been 
previously  proposed  or  carried  out  by  others. 
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LAW  OF  THE  TRANSMISSION  OF  THE  ELECTRIC 
CURRENT. 

The  following  mathematical  formula  expresses  the  force  de- 
veloped in  every  part  of  the  circuit  by  the  agency  of  the  gal- 
vanic battery  :  viz. 


Where  E  =  electro-motive  force  : 
n  =  number  of  plates  : 
D  =  distance  of  plates  : 
K  —  specific  resistance  of  fluid  : 
5  =  section  of  wire  : 
S  =  area  of  plates  : 
I  =  length  of  circuit  : 
r  =  specific  resistance  of  wire  : 

and  F  =  the  force  developed,  or,  which  is  the  same 
thing,  its  equivalent  ;  viz.  the  resistance  offered  to  the 
passage  of  the  electric  current. 

It  is  evident,  therefore,  that  in  order  to  obtain  a  maximum1 
amount  of  work  with  the  least  possible  expenditure  of  power, 
the  coils  of  the  instruments,  the  number  of  cells,  the  distance 
of  the  plates,  and  the  resistance  of  the  fluid,  ought,  on  every 
line  of  telegraph,  to  be  suited  to  each  other  and  to  the  length 
of  the  circuit. 

Every  form  and  arrangement  of  battery  has  a  resistance  and 
power  peculiar  to  itself,  and  as  the  relation  of  that  force  to  the 
resistance  of  a  certain  standard  unit  of  wire  can  only  be  ob- 
tained by  direct  experiment,  and  as  one  person  prefers  for  a 
telegraph  one  kind  of  battery  and  another  person  another 
kind,  it  would  be  hardly  worth  while  to  give  here  a  detailed 
account  of  the  experiments  made  by  the  author  on  certain  par- 
ticular batteries.  It  may  be  well,  however,  to  notice,  that  in 
the  measurement  and  comparison  of  resistances,  the  author 
has  always  used,  and  was  the  first  to  use,  as  a  standard 
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unit  of  resistance,  a  mile  of  No.  8  galvanized  iron  wire,  this 
being  the  same  as  that  almost  invariably  used  for  telegraphs 
when  the  wires  are  suspended  in  the  air. 

Great  facilities  are  afforded  by  this  standard  unit  of  resist- 
ance, in  adjusting  the  batteries  and  coils  to  the  resistance  of 
the  line-wire,  and  to  the  number  of  coils  included  in  the 
circuit. 

The  unit  used  is  termed  f  A  MILE  OF  RESISTANCE/ 

Thus  many  of  the  coils  of  the  instruments  of  Messrs.  Cooke 
and  Wheatstone  were  found  to  have  a  resistance  to  the  passage 
of  the  electric  power  equivalent  to  twenty-one  miles.  By  using 
the  horse- shoe  magnet  and  coil,  as  patented  by  the  author  in 
1 848,  this  resistance  in  the  circuit  was  reduced  in  one  instance, 
where  four  stations  were  in  the  circuit,  to  four  miles,  and  in 
others  to  two  and  a  half  miles. 

The  resistance  however  in  the  gold  leaf  of  the  Rev.  H.  High- 
ton  has  been  variously  calculated  at  from  one-third  to  one 
mile  only. 

To  those  well  conversant  with  the  practical  working  of  the 
telegraph,  where  bad  insulation  is  unavoidable,  the  importance 
of  having  a  small  resistance  in  the  channel  laid  for  the  current 
is  too  well  known  to  need  further  remark. 

ATMOSPHERIC  DISTURBANCES  OF  THE  ELECTRIC  TELE- 
GRAPH, WITH  A  DESCRIPTION  OF  THE  MEANS  OF 
PREVENTING  DAMAGE  TO  THE  INSTRUMENTS. 

One  of  the  great  disturbers  of  the  electric  telegraph  is  to  be 
found  in  the  action  of  lightning.  More  damage  is  often  done 
to  the  telegraph  in  a  second  by  a  single  thunder-storm,  than 
by  all  the  mischievous  acts  of  malicious  persons  in  a  whole 
year.  Not  only  are  the  magnets  demagnetized,  but  even  the 
coils  of  wire  in  the  instruments  are  often  fused.  In  some  dis- 
tricts, strips  of  brass  a  quarter  of  an  inch  wide  have  been 
melted  by  its  action. 

Indeed,  it  is  but  natural  to  suppose  that  if  the  small  currents 
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of  electricity  produced  by  the  galvanic  battery  produce  so 
marvellous  an  effect  on  a  magnetic  body  when  surrounded  by 
coils  of  wire  at  a  distant  station,  those  powerful  discharges  of 
the  electric  fluid  from  the  clouds,  which  in  their  descent  burst 
asunder  the  steeples  of  churches,  and  set  houses,  trees,  and 
haystacks  on  fire,  should  produce  disastrous  effects  on  the 
delicate  instruments  of  the  electric  telegraph,  when  the  charge 
happens  to  be  intercepted  by  the  wires  of  the  telegraph,  and 
to  be  conveyed  by  them  to  the  telegraphic  instruments  at  a 
station. 

An  extract  from  a  Paper  "  On  the  Effects  of  Atmospheric 
Electricity,  as  exemplified  in  the  storms  of  the  summer  of 
1846,"  written  by  the  author  of  this  article,  and  read  before 
the  Society  of  Arts  in  1846,  will  show  the  disastrous  effects 
of  lightning  on  the  electric  telegraph. 

"Having  thus  far  given  in  detail  the  course,  action,  and 
effects  of  several  heavy  discharges  of  atmospheric  electricity 
during  the  past  summer,  I  will  now  proceed  with  observations 
on  the  effects  produced  on  one  of  the  telegraphs  under  my 
charge,  viz.  from  Wolverton  to  Peterborough,  a  distance  of 
nearly  60  miles.  In  this  case,  the  instances  of  disturbance 
and  damage  have  been  too  numerous  to  particularize.  Suffice 
it  to  say,  that  I  have  had  the  posts  struck  by  lightning  and 
split  in  twain.  I  have  had  parts  of  the  instruments  in  the 
stations,  and  especially  the  fine  coils  of  wire,  melted  by  the 
lightning.  I  have  had  the  needles  demagnetized,  or  their 
polarity  reversed — the  bells  of  the  telegraph  have  been  rung 
by  the  lightning,  and  permanent  magnetism  produced  in  the 
electro-magnets  ;  and  all  this  probably  in  a  few  hours,  and  at 
many  stations  also  at  the  same  moment.  Now,  however, 
damage  by  lightning  to  the  telegraph  we  fear  not.  Acting  on 
the  principle  of  the  division  of  the  charge,  and  the  peculiarities 
of  high-tension  electricity  as  compared  with  low-tension,  we 
are  enabled  to  extract  from  the  wires  nearly  all  the  lightning 
before  it  enters  an  instrument  or  a  station,  and  to  send  it 
quietly  to  the  earth,  and,  in  fact,  to  deal  with  it  as  we  would 
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with  the  water  from  the  roof  of  a  house,  viz.  to  conduct 
it  where  we  will.  Now,  we  no  longer  fear  it ;  for,  under  the 
practised  hand  of  science,  the  lightning  itself  becomes  as 
tractable  as  as  the  power  of  gravity. 

"  Another  example  of  the  action  of  lightning,  that  I  had  the 
opportunity  of  examining  in  the  last  summer,  was  a  discharge 
at  the  Oundle  station  of  the  Peterborough  branch.  The 
lightning  in  this  case  seems  to  have  divided  itself  over  three 
paths.  A  portion  passed  by  the  leaden  gutters  of  the  roof  of 
the  station  to  a  tank  of  water,  and  thence,  by  the  leaden 
pipes,  to  the  ground.  The  tank  was  of  wood,  and  lined  with 
lead.  Immediately  underneath  it  was  a  gas-pipe,  supported 
by  a  hook,  which  was  driven  into  the  wood  of  the  tank .  The 
end  of  this  hook  all  but  touched  the  lead  of  the  tank.  The 
lightning  seems  to  have  passed  from  the  tank  to  this  hook, 
and  thence  to  the  gas-pipe  and  by  it  to  the  earth.  By  the  side  of 
this  hook  was  a  small  air-hole  in  the  gas-pipe,  out  of  which 
there  was  at  the  time  a  slight  escape  of  gas.  The  lightning 
ignited  this  jet  of  gas,  and  the  bottom  of  the  wooden  tank  was 
consequently  set  on  fire.  If  the  fire  had  happened  in  another 
part  of  the  station,  and  had  not  been  discovered  in  time, 
serious  consequences  might  have  followed. 

"  Another  portion  of  the  lightning  passed  through  the  tele- 
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Fig.  3. 
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graph  instrument  at  the  station,  fusing  some  of  the  metal- 
work  therein.  It  thence  proceeded  by  the  telegraph  wires  to 
the  ground  at  the  next  station,  Thrapston,  a  distance  of  more 
than  eight  miles.  At  this  station  also  considerable  damage 
was  done  to  the  telegraph  instrument ;  several  of  the  wires, 
and  some  of  the  metal-work,  were  fused  (see  figs.  1,  2,  and  3). 
"Fig.  1.  Top  view  of  part  of  the  telegraph  apparatus 
at  the  Oundle  Station  of  the  London  and  North  Western 
Railway.  The  strips  of  brass  G  and  H  were  in  metallic 
communication  with  the  wires  on  the  line.  The  strip  K  was 
in  communication  with  the  ground  at  Oundle.  The  strips 
G  and  H  were  separated  from  K  by  an  interval  of  about 
T^th  of  an  inch.  A  flash  of  lightning  was  intercepted  by  the 
wires  on  the  line,  and  conveyed  to  this  point ;  but,  although 
the  strips  G  and  H  had  metallic  communication  with  the 
earth  at  Thrapston  and  Peterborough,  yet  the  resistance 
offered  to  the  discharge  along  these  directions  was  such  as  to 
cause  a  large  portion  of  the  electric  fluid  to  shoot  through  the 
interval  between  G  K  and  H  K,  and  to  fuse  the  metals,  and 
produce  the  effects  shown  at  G,  H,  i,  and  K.  The  upper 
bridge-strip  i,  K  and  the  portion  of  H  under  it  have  both 
been  melted,  and  are  now  firmly  united  together  by  the  molten 
metal.  The  strip  G  had  its  surface  fused,  and  the  strip  i  was 
melted  also.  The  wood  is  scorched  from  L  to  M.  There  is 
also  a  melted  spot  at  N,  on  which  another  portion  of  the 
apparatus  rested. 

"Fig.  2.  Front  view  of  one  of  the  coils  of  the  telegraph 
instrument  at  the  Thrapston  Station  of  the  London  and 
North  Western  Railway. 

"This  coil  was  burnt  and  fused  on  the  1st  of  August,  1846, 
by  the  same  flash  of  lightning  which  damaged  the  apparatus 
shown  in  fig.  1,  although  it  was  more  than  eight  miles  distant 
therefrom  !  The  lightning  was  conveyed  along  the  wires  of  the 
telegraph.  The  small  wires  in  this  coil  were  fused  together, 
and  the  silk  and  cotton  burnt  off,  as  shown  at  L  and  M. 

"Fig.  3.     Back  view  of  the  other  coil  in   the  telegraph 
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instrument  at  the  Thrapston  Station.  Damage  similar 
to  that  in  fig.  2  will  he  observed  at  N  and  o.  The  fine 
wires  were  all  melted  together,  and  the  silk  and  cotton 
burnt  off. 

"  In  this  case,  then,  we  can  clearly  trace  many  of  the  pro- 
perties of  lightning,  viz.  the  division  of  the  charge, — the 
firing  of  a  mixture  of  hydrogen  and  oxygen  gases,  the  fusing 
of  small  pieces  of  metals  in  its  course,  and  the  demagnetiza- 
tion of  magnetic  needles." 

These  disastrous  effects  are  now  entirely  obviated.  The 
plan  pursued  by  the  author  is  as  follows :  A  portion  of  the 
wire  circuit,  say  for  six  or  eight  inches,  is  enveloped  in  bibu- 
lous paper  or  silk,  and  a  mass  of  metallic  filings  in  connexion 
with  the  earth  is  made  to  surround  such  covering.  This 
arrangement  is  placed  on  each  side  of  a  telegraph  instrument 
at  a  station.  When  a  flash  of  lightning  happens  to  be 
intercepted  by  the  wires  of  the  telegraph,  the  myriads  of  in- 
finitesimally  fine  points  of  metal  in  the  filings  surrounding  the 
wire  at  a  station,  and  having  connexion  with  the  earth,  at 
once  draw  off  nearly  the  whole  charge  of  lightning,  and  carry 
it  safely  to  the  earth.  This  arrangement  at  once  prevents  any 
damage  to  the  telegraph  instrument.  Not  a  coil  under  the 
author's  charge  has  been  fused  where  this  plan  has  been 
adopted.  The  cheapest  method  is  as  follows :  Line  a  small 
deal  box,  say  six  or  twelve  inches  long,  with  a  tin  plate,  and 
put  this  plate  in  connexion  with  the  earth ;  fill  this  box  with 
iron  filings,  and  then  surround  the  wire  (before  it  enters  a 
telegraph  instrument)  with  bibulous  or  blotting  paper,  as  it 
runs  through  the  centre  of  the  box.  All  high-tension  elec- 
tricity collected  by  the  wires  will  at  once  dart  through  the  air 
in  the  bibulous  paper  to  the  myriads  of  points  in  the  iron 
filings,  and  thence  direct  to  the  earth,  and  thus  the  telegraph 
instrument  will  be  rendered  incapable  of  being  damaged  even 
during  the  most  fearful  thunder-storms  that  may  occur. 
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REQUIREMENTS    FOR    AN    ELECTRIC    TELEGRAPH. 

The  first  thing  requisite  for  an  electric  telegraph  is  to  have 
a  conductor  of  electricity  stretching  from  one  station  to  another 
between  which  communications  are  desired  to  be  transmitted. 
Such  conductor  should  be  of  metal,  inasmuch  as  metals  are  the 
best  conductors  of  electricity. 

Although  copper  is  a  much  better  conductor  than  iron,  yet 
when  the  wires  are  suspended  in  the  air,  iron  wire  is  now  almost 
universally  employed  in  preference  to  copper,  owing  to  its 
possessing  far  greater  strength  than  copper,  and  being  at  the 
same  time  much  cheaper. 

The  iron  wire  is  generally  coated  with  zinc  in  order  to  prevent 
its  rusting. 

When  rain  first  falls  on  the  zinc  covering,  an  oxide  of  zinc 
is  formed,  and  this  oxide  being  insoluble  in  water,  a  second 
fall  of  rain  cannot  dissolve  or  penetrate  it.  The  zinc  covering 
and  the  iron  wire  inside  are  thus  prevented  from  rusting*  away. 
Where  the  distance  between  the  supports  for  the  wire  is  very 
great,  as  in  the  crossing  of  broad  rivers,  steel  wire  is  employed 
instead  of  iron. 

The  next  requirement  is,  that  the  wire  shall  be  effectually 
insulated  from  the  earth,  except  only  at  its  two  extremes.  At 
each  of  these  extremes  the  wire  is  metallically  united  to  a  mass  of 
metal  or  coke  which  is  buried  in  the  earth,  so  that  the  current 
may  be  conducted  into  the  earth  at  those  extremes,  and  then, 
by  traversing  the  earth,  complete  the  circuit. 

At  every  point  between  these  two  extremes  the  wire  must 
be  well  insulated  from  the  earth.  For  such  purpose  it  is 
necessary  to  interpose  between  the  wire  and  the  earth  a  non- 
conducting substance.  Glass,  porcelain,  gutta  percha,  or 
other  resinous  substances,  are  usually  employed. 

Parties  differ  in  opinion  as  to  which  substance  is  the  best. 
Some  prefer  porcelain,  and  others  gutta  percha.  Where  glass 
tubes  have  been  used  for  the  wires  to  pass  through,  it  is  found 
that  strong  shocks  of  electricity  crack  the  tubes  of  glass  just 
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as  if  they  had  been  cut  with  a  diamond.  They  are  now,  there- 
fore, seldom  or  never  used,  and  porcelain  and  gutta  percha  are 
alone  employed. 

Telegraphists  differ  also  as  to  the  hest  form  to  be  employed 
when  these  materials  are  used.  Some  employ  them  in  the 
form  of  tubes,  and  others  in  the  shape  of  umbrellas.  Each 
plan  has  its  merits  and  its  defects ;  the  one  form  being  better 
for  some  kinds  of  weather,  and  the  other  for  other  kinds. 
The  author  prefers  a  combination  of  both ;  but  this  is  not 
requisite,  unless  the  line  of  telegraph  is  an  extremely  long  one. 
Either  plan  will  answer  for  short  lengths.  Where  very  excel- 
lent insulation  is  required,  the  author  prefers  surrounding  the 
wire  with  insulating  material  for  a  considerable  distance  on  each 
side  of  every  support.  Where  iron  wires,  covered  with  zinc 
(being  technically  termed  galvanized),  are  in  the  neighbourhood 
of  large  towns  where  great  quantities  of  coal  are  daily  burned, 
the  sulphurous  vapours  arising  from  such  fuel,  and  passing 
over  the  9xide  of  zinc  covering  formed  on  the  wires,  convert 
such  oxide  into  a  sulphate  of  zinc  when  the  same  is  covered 
with  moisture.  This  sulphate  of  zinc  being  soluble  in  water 
is  immediately  melted  by  the  rain,  and  drops  off  with  it.  The 
wire  is  thus  denuded  of  its  insoluble  covering,  and  soon  melts 
away. 

The  author  has  had  galvanized  iron  wires  reduced  from  a 
diameter  of  an  eighth  of  an  inch  down  to  the  diameter  of  a 
common  sewing-needle  in  less  than  two  years. 

In  such  cases  it  is  necessary  to  protect  the  wires  by  a  cover- 
ing of  varnish  or  paint,  in  order  to  prevent  the  contact  of  these 
vapours  with  the  wire,  or  to  employ  wires  entirely  encased  in 
gutta  percha. 

The  wires  being  thus  insulated  from  end  to  end,  the  next 
requirement  is  a  good  galvanic  battery,  or  other  means  of 
producing  electricity.  When  galvanic  batteries  are  used,  the 
best  kind  to  employ  depends  entirely  upon  the  nature  of  the 
work  to  be  performed  by  its  power.  If  it  has  only  to  move  a 
magnetic  needle  surrounded  by  a  coil  of  wire,  the  simplest 
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arrangement  of  battery  is  required,  such  as  one  composed  of 
cells  containing  plates  of  copper  and  zinc  immersed  in  a  solution 
of  sulphuric  acid  or  of  the  sulphate  of  alumina.  If,  on  the 
other  hand,  the  current  is  required  to  perform  powerful 
mechanical  effects  at  a  distant  station,  galvanic  batteries  of  a 
stronger  power  are  necessary, — such,  for  instance,  as  Daniell' s 
or  Bunsen's  batteries.  The  former  are  generally  used  in  Eng- 
land, and  the  latter,  viz.  Daniell' s  or  Bunsen's,  on  the  Conti- 
nent. This  difference  is  needed  owing  to  the  different  classes 
of  telegraphic  instruments  employed. 


KEYS. 

The  next  requirement  is  a  key  or  keys  for  sending  the 
currents  of  electricity  as  desired.  The  mechanical  arrange- 
ments of  keys  are  very  various.  Some  persons  prefer  them 
on  one  plan,  and  some  on  another. 

Where  currents  of  electricity  are  required  to  be  sent  either 
positively  or  negatively,  the  author  prefers  for  ease,  rapidity, 
and  simplicity  of  mechanism,  the  following  plan,  as  shown  in 
the  annexed  diagram  and  description. 


Highton's  Keys. 
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A  and  B  are  two  keys  of  ebony  or  ivory  working  up  and 
down  by  means  of  the  spring-joints  c  D  and  E  F. 

The  two  spring-joints  c  and  E  are  metallically  united  to  one 
pole  of  the  battery,  and  D  and  F  to  the  other  pole.  These 
spring-joints  are  prolonged  under  the  keys  A  and  B,  and  are 
connected  respectively  with  the  upright  screw-pins  or  studs, 
G  and  H  and  i  and  K. 
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Underneath  these  keys  is  a  moveable  spring,  L,  pressing 
upwards  and  resting 
against  the  stud  M. 
When  the  spring  L  is 
pressed  away  from  the 
stud  M,  the  spring  L 
and  stud  M  are  insu- 
lated from  each  other. 

The  severed  ends 
of  the  telegraphic  wire 
are  to  he  metallically 
united  with  L  and  M. 

The  action  of  the 
keys  is  as  follows  : 

On  pressing  down 
the  key  A,  the  spring 
L  is  thereby  forced  by 
the  stud  H  away  from 
the  stud  k,  and  the 
stud  G  then  comes  into 
metallic  contact  with 
M,  while  the  stud  H 
remains  in  contact 
with  L.  A  current  of  electricity  in  one  direction  would  thus 
pass  over  the  line-wire.  On  pressing  down  the  key  B  a 
current  in  an  opposite  direction  would  be  similarly  sent,  as 
is  evident. 

It  will  be  observed  that  in  the  above  keys  the  making  and 
breaking  of  contact  for  sending  either  a  positive  or  a  negative 
current  of  electricity  requires  the  use  of  only  one  moveable 
spring. 

It  will  also  be  observed  that  this  arrangement  of  keys  gives 
a  maximum  of  simplicity,  for  there  cannot  be  less  than  one 
moveable  spring  employed,  and  every  additional  spring  used 
would  not  only  render  the  mechanism  more  complicated,  but 
much  more  liable  to  derangement.  On  the  perfect  action  of 
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every  spring  in  the  electric  circuit  depends  the  working  of 
the  telegraph.  If  one  spring  fail  or  become  inactive,  the 
whole  telegraph  from  end  to  end  is  deranged.  It  is  most 
desirable,  therefore,  that  the  number  of  springs  in  the  circuit 
should  be  as  few  as  possible. 


ALARUMS. 

We  will  now  pass  on  to  a  description  of  the  alarum  to  be 
employed  for  calling  the  attention  of  the  distant  attendant. 

Before  sending  a  telegraphic  communication,  it  is  desirable  to 
ring  a  bell  for  calling  the  attention  of  the  attendant  to  the 
telegraphic  instrument,  especially  where  such  person  has  other 
duties  to  perform  than  those  of  attending  to  the  telegraph. 

This  is  accomplished  by  placing  an  electro -magnet,  sur- 
rounded by  coils  of  wire,  in  the  circuit  at  such  station.  An 
armature  is  suspended  in  close  proximity  to  the  electro-magnet.- 
This  armature  is  attracted  to  the  electro-magnet  when  a  cur- 
rent of  electricity  is  sent  along  the  line- wire. 

By  the  motion  of  such  armature,  wound-up  mechanism  is 
liberated,  and  thereby  allows  a  hammer  to  strike  a  bell.  This 
calls  the  attention  of  the  attendant  to  his  telegraphic  instru- 
ment. He  then  sends  back  a  current  of  electricity,  and 
thereby  similarly  rings  a  bell  at  the  station  at  which  the 
person  is  who  desires  to  send  the  communication.  This  is 
to  show  that  all  is  ready  for  receiving  the  message. 

Both  parties  then,  by  moving  a  sliding-bar  of  metal,  remove 
from  the  circuit  electro-magnets  of  their  respective  alarums, 
and  leave  only  in  the  circuit  the  keys  and  the  telegraphic 
instruments  for  sending  and  receiving  the  communication. 

The  forms  of  alarums  used  for  such  purpose  differ  much  in 
mechanical  detail.  It  is  thought  well,  however,  to  give  ex- 
amples of  two  kinds  only,  viz.  those  of  the  latest  invention : 
these  are  on  two  of  the  several  plans  patented  by  the  author, 
and  belonging  to  the  British  Electric  Telegraph  Company. 
The  first  (see  alarum  No.  1)  is  one  which  requires  but  a  small 
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amount  of  electricity  for  liberating  the  mechanism,  and  is 
at  the  same  time  very  perfect  and  certain  in  its  action. 

An  electro-magnet  A  A  has  an  armature  u  working  on  an 
axle  cc,  to  the  other  end  of  which  is  fixed  an  arm  dd  with 
projecting  catch  e.  The  arm  F  on  axle  G  rests  against  the 
catch  e,  pressing  with  a  very  slight  power,  which  is  caused  by 
the  spring  i  fixed  to  the  excentric  h,  which  works  on  the  axle  G. 
The  detent  j  of  the  wound-up  mechanism  rests  on  the  ex- 
centric  h. 

On  an  electric  current  being  sent  round  the  electro-magnet, 

Highton's  Alarum  No.  1. 
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Alarum  No.  1. 


the  armature  B  and  catch-lever  d  e  are  moved.  This  allows 
the  arm  F  to  rotate  upon  its  axle  G,  the  motive  power  being 
the  force  of  the  spring  i,  which  is  so  set  that  the  power,  before 
the  arm  is  released,  is  only  just  sufficient  to  start  it :  the 
spring  iy  acting  on  the  excentric  principle,  increases  its  power 
as  the  excentric  rotates,  and  raises  the  detent  j,  and  thus 
liberates  the  mechanism  of  the  alarum,  causing  the  hammer  to 
strike  against  the  bell.  As  the  works  of  the  alarum  rotate, 
and  with  it  the  arm  F,  the  end  of  the  arm  F  is  left  under  the 
catch  e  (which,  on 
the  cessation  of  the 
current,  returns  to  its 
place  of  rest).  The 
spring  and  excentric 
are  stopped  when  in 
their  former  position, 
and  there  detained ; 
thus  making  the 
alarum  ready  for  a 
second  action. 

K  is  an  arm  which, 
at  the  required  time, 
is  pressed  out  by  a 
projection  or  cam  on 
the  excentric  plate, 
so  as  to  meet  the  arm 
F,  and  break  the  force 
of  its  blow  when  re- 
turning to  its  place  of 
rest  against  the  catch 
e.  Thus  the  arm  F, 
on  returning  to  the 
catch  e,  has  its  force 
broken,  and  has  a 
momentum  due  only 
to  its  motion  from  the  point  where  K  catches  it,  to  the  point 
where  it  is  stopped  by  the  catch  e. 
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The  following  plan  (see  No.  2)  is  used  where  it  is  thought 
desirable  not  to  remove  the  alarums  at  all  from  the  circuit, 
lest  the  attendants  should  neglect  to  replace  them  in  the 
circuit  when  the  communication  is  finished. 

This  is  accomplished  hy  causing  the  currents  of  electricity 
of  long  duration  to  sound  the  alarum,  but  currents  of  electri- 
city of  short  duration  to  be  unable  to  do  so.  Thus  currents 
of  electricity  of  long  duration  sound  the  alarum,  whereas 
currents  of  short  duration  are  caused  to  make  the  signals 
necessary  for  the  communication.  This  plan  is  quite  new, 
and  was  only  patented  on  the  28th  of  January,  1852. 

It  is  believed  that  the  adoption  of  this  principle  will  be  found 
of  great  utility  in  telegraphs  for  railway  companies  where  many 
stations  are  embraced  in  the  same  circuit,  for  otherwise  each 
attendant  at  every  station  in  that  circuit  has  to  remove  his 
alarum  from  the  circuit  before  a  message  is  transmitted  between 
any  one  station  and  any  other  in  that  circuit,  and  to  replace 
the  same  after  such  message  is  finished,  unless  the  alarums  are 
allowed  to  continue  ringing  during  the  whole  period  of  the 
transmission  of  the  communication,  or  unless  an  entirely 
distinct  wire  is  set  apart  for  the  alarums. 

The  following  is  the  plan  alluded  to  for  accomplishing  this 
object : 


DESCRIPTION    OF    THE    ALARUM    NO.    2. 

A  A  is  an  electro-magnet  with  armature  B  fixed  on  an  axle 
E  working  on  centres  c  c.  D  is  an  arm  fixed  to  the  axle  E  and 
having  upon  it  a  catch  F.  G  is  a  wheel  connected  with  the 
wound-up  machinery.  This  wheel  G  is  kept  in  a  state  of  con- 
tinual revolution.  H  is  a  small  axle  fixed  excentrically  upon 
the  wheel  G.  Upon  this  axle  H  an  arm  or  lever  i  L  is  placed 
with  a  weight  or  hammer  K  at  the  end  of  it.  This  arm  IL  is 
prolonged  to  L,  so  that  when  the  electro-magnet  A  A  attracts 
the  armature  B,  the  catch  F  would  be  interposed  in  the  way  of 
the  end  L  of  the  arm  IL;  but  when  the  armature  is  not 
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attracted  to  the  electro-magnet,  the  catch  F  does  not  interfere 
with  the  free  motion  of  the  arm  IL. 

Alarum  No.  2. 


The  motion  of  the  wheel  G  is  so  regulated  by  the  motion  of 
the  wound-up  mechanism  that  it  is  caused  to  revolve  once  in  a 
given  definite  period  of  time, — say  one,  two,  three,  or  more  or 
less  seconds.  When  a  current  of  electricity  is  caused  to  pass 
round  the  electro-magnet  A  A  and  to  continue  for  a  long  period, 
the  end  L  of  the  arm  IL  is  intercepted  in  its  free  motion  in 
.each  revolution  by  the  catch  F.  The  arm  IL  is  then  gradually 
thrown  into  an  oblique  position  until  it  arrives  in  the  position 
shown  by  the  dotted  lines  M  N,  and  it  then  escapes  from  the 
catch  F.  The  hammer  K  being  then  at  liberty  to  resume  its 
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wonted  position,  seeks  to  do  so  by  the  action  of  gravity  or  of  a 
spring,  and  by  the  accumulated  momentum  obtained  in  doing 
so,  it  passes  by  such  wonted  position  and  strikes  against  the 
bell  o.  Now  if  the  current  be  not  continued  for  a  long  period, 
but  only  for  periods  of  short  duration,  such  as  are  used  in 
sending  ordinary  telegraphic  communications,  then  the  catch 
p  being  suddenly  released  from  the  end  of  the  arm  i  L  before 
the  arm  i  L  is  thrown  into  the  position  shown  by  the  dotted 

Top  view  of  Highton's  Alarum  No.  2. 


line  M  N,  the  weight  K  in  resuming  its  wonted  position  does 
not  acquire  sufficient  momentum  to  carry  it  over  to  the  bell  o. 
In  this  case  the  bell  will  not  be  struck,  but  in  the  former  case 
it  will. 

This  arrangement  therefore  of  an  alarum  will  render  it  pos- 
sible to  continue  the  electro-magnets  of  the  alarums  in  the 
same  circuit  with  the  telegraphic  instruments  without  ringing 
the  bells,  and  without  the  necessity  of  removing  the  coils  of 
the  electro-magnets  from  the  circuit  when  a  telegraphic  com- 
munication is  being  transmitted,  or  requiring  another  distinct 
wire  for  the  alarums.  But,  nevertheless,  the  alarums  may  be 
sounded,  whenever  desired,  by  merely  continuing  the  currents 
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of  electricity  for  a  longer  period  than  that  required  for  send- 
ing telegraphic  communications  by  the  indicator. 


INDICATING    INSTRUMENT. 

We  will  pass  on  now  to  the  telegraphic  instruments  em- 
ployed for  reading  off  the  communications  transmitted.  One 
of  the  simplest  forms  is  that  in  which  a  magnet  fastened  to  a 
moveable  axle  is  acted  upon  by  a  coil  of  wire  which  forms  part 
of  the  electric  circuit.  To  this  axle  an  indicator  of  any 
desired  kind  is  affixed,  which  moves  to  the  right  or  left  along 
with  the  magnet,  accordingly  as  the  current  is  sent  positively 
or  negatively. 

By  the  number  of  these  motions  to  the  right  or  left,  and  of 
their  combinations,  the  letters  of  the  alphabet  are  denoted. 

Different  telegraphists,  although  they  employ  the  number  of 
such  motions  to  represent  the  letters,  do  not  all  use  the  same 
number  of  motions  and  of  combinations  of  motions  to  desig- 
nate the  same  letters,  but  many  employ  different  codes.  The 
principle,  however,  is  the  same,  and  is  one  of  the  oldest  plans 
used. 

Some  parties  use  two  needles  with  two  wires,  and  employ 
the  number  of  single  and  combined  angular  movements  of 
such  two  magnets  to  denote  the  letters. 

Two  wires,  however,  if  used  for  two  separate  single  indica- 
tor instruments,  will,  it  is  found  in  practice, 
do  more  work  than    two   wires    combined 
with  two   magnets   in   one   and  the  same 
instrument. 

The  annexed  drawing  represents  the 
most  modern  form  of  telegraphic  instru- 
ment requiring  but  one  line-wire,  and  hav- 
ing a  disc  with  two  letters  thereon.  The 
disc  is  moveable  to  the  right  or  left,  and 
when  so  moved,  the  stationary  hands  or 
indicators  point  out  the  letters  thereon 
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which  are  intended  to  be  denoted.     By  a  repetition  of  these 
movements  the  alphabet  is  formed. 

The  Magnet. 


Side  view  (coil  c  removed). 


Front  view. 


In  the  above  instrument  the  simple  arrangement  of  keys 
before  described  is  inserted. 

The  magnet  is  of  the  horse-shoe  form,  and  the  axle  passes 
through  the  middle  of  the  magnet,  and  is  parallel  to  the  limbs 
thereof. 

The  magnet  is  enclosed  in  a  coil  which  forms  part  of  the 
electric  circuit. 

In  this  arrangement  of  magnet  and  coil  the  electricity  acts 
on  both  poles  of  the  magnet  at  the  same  time. 

When  it  is  required  to  send  messages  of  great  length,  it  is 
desirable  to  use  a  plan  of  telegraphic  instrument  which  records 
the  communication  on  paper ;  or  otherwise  the  eye  would  soon 
become  wearied  by  watching  the  rapid  movements  of  the  disc, 
and  mistakes  would  inevitably  take  place. 

Various  plans  have  been  proposed  for  such  purpose,  and 
several  different  arrangements  are  now  in  use. 

The  simplest  method  appears  to  be  that  of  causing  an  elec- 
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tro-magnet  to  stamp  or  cut  a  piece  of  paper,  and  to  make 
thereon  long  or  short  marks  accordingly  as  the  current  is  con- 
tinued for  a  long  or  short  period. 

This  is  the  plan  almost  universally  adopted  in  America  and 
on  the  Continent,  but  it  has  not  as  yet  heen  practically  em- 
ployed in  England. 

The  British  Electric  Telegraph  Company  are  about  to  em- 
ploy a  modification  of  this  arrangement  as  the  basis  for  the 
plans  to  be  used  for  their  heavy  commercial  work. 

They  intend,  for  some  kinds  of  intelligence,  to  use  an 
arrangement  by  means  of  which  a  positive  current  of  elec- 
tricity will  make  one  mark  on  paper,  and  a  negative  current  a 
different  and  dissimilar  mark,  according  to  the  patented  plans 
which  they  possess. 

In  all  cases  they  will  use  a  secondary  power  for  the  pur- 
pose of  so  marking  the  paper,  in  order  to  supersede  the  neces- 
sity of  the  transmission  of  powerful  electric  currents  along 
their  line-wires. 

In  this  way  far  less  marks  are  required  for  forming  letters 
or  words. 


INSULATION. 

In  the  construction  of  an  electric  telegraph  the  greatest 
possible  care  and  attention  should  be  paid  to  the  insulation  of 
the  wires. 

It  is  impossible  to  insulate  the  wires  too  well.  Defective 
insulation  is  a  source  of  the  greatest  annoyance  and  disap- 
pointment. However  accurately  in  mechanical  detail  the  tele- 
graphic instruments  at  the  stations  are  made,  it  is  impossible 
that  they  can  work  well  if  the  insulation  is  imperfect.  * 

Much,  it  is  true,  maybe  done  by  increasing  the  power  of  the 
galvanic  batteries,  but  all  this  additional  power  is  in  itself  an 
utter  waste,  if  it  is  required  to  supply  the  defect  of  imperfect 
insulation. 

In  such  case  the  instrument  nearest  to  the  batterv  will  work 
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powerfully,  while  the  distant  instrument,  if  it  work  at  all,  will 
only  do  so  with  great  sluggishness. 

To  obtain  perfect  insulation  is  impossible,  as  no  substance 
has  yet  been  discovered  which  is  an  absolutely  perfect  insula- 
tor. And  again,  when  wires  are  suspended  in  the  air,  the 
occurrence  of  fogs,  damp  weather,  rain,  and  showers  of  sleet 
deprive  the  wires  of  a  great  part  of  the  insulation  which  they 
possess  in  dry  weather. 

The  mode  therefore  of  insulation  employed  should  possess 
the  best  antidotes  to  all  the  variations  of  weather. 

Where  many  wires  are  suspended  on  the  same  posts,  defects 
arising  from  these  causes  are  greatly  multiplied. 

In  America,  where  only  one  wire  is  used,  injury  arising 
from  the  above  causes  is  not  so  detrimental ;  but  in  England, 
where  occasionally  as  many  as  20  or  more  wires  are  placed  on 
the  same  post,  the  action  is  most  detrimental,  and  electricity, 
when  intended  to  be  transmitted  along  one  wire  only,  often 
finds  its  way  more  or  less  into  all  the  wires,  and  thus  not  only 
lessens  the  quantity  intended  to  be  transmitted  to  the  distant 
instrument,  but  disarranges  the  instruments  connected  with  all 
these  other  wires. 

Owing  to  this  result  of  imperfect  insulation  it  has  been 
found  impossible  for  weeks  together  to  telegraph  direct  even 
between  London  and  Liverpool,  although  the  insulation  has 
been  changed  several  times  in  the  course  of  the  last  few 
years.  The  only  way  in  which  the  communication  could  be 
carried  on  was  by  means  of  sending  the  message  to  an  inter- 
mediate station,  and  then  by  repeating  it  at  such  intermediate 
station,  to  forward  it  thence  to  Liverpool. 

The  author  hopes  in  the  telegraphs  he  is  now  erecting  to 
render  any  repetition  unnecessary,  by  adopting  the  following 
plan. 

Where  many  wires  are  required  to  be  suspended  on  the 
same  post  or  support,  he  proposes,  first,  to  conduct  the  insu- 
lation to  a  considerable  distance  from  the  post,  and  secondly, 
to  place  between  wire  and  wire  a  direct  communication  with 
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the  earth,  so  that  any  of  the  electricity  transmitted,  as  it 
escapes  from  the  wire,  may  be  intercepted  hy  this  commu- 
nication with  the  earth,  and  so  transmitted  direct  to  the  earth 
without  the  possibility  of  its  entering  an  adjoining  wire. 

In  such  case  it  will  only  be  necessary  in  very  great  lengths 
of  wire  and  in  very  adverse  weather  to  increase  the  quantity 
of  electricity  transmitted,  in  order  to  make  due  allowance  for 
the  quantity  that  escapes  at  the  points  of  the  insulation.  How- 
ever great  such  amount  of  electricity  required  may  be,  no 
portion  thereof  can  reach  the  adjoining  wire  and  thereby  dis- 
arrange the  telegraphic  instruments  connected  with  such  other 
wires. 

COILS. 

With  respect  to  the  diameter  and  length  of  the  wires  to  be 
employed  in  surrounding  the  electro-magnets,  or  the  magnets 
to  be  used  in  the  telegraphic  instruments,  these  must  be  made 
to  suit  the  particular  length  of  the  circuit  and  the  size  of  the 
electro-magnets  or  permanent  magnets  employed,  as  well  as 
the  kind  of  galvanic  battery  and  the  number  of  cells  therein 
intended  to  be  used. 

Each  telegraph  will  require  a  separate  calculation,  in  which 
the  resistance  of  the  circuit  and  the  battery  itself  will  form  an 
element.  No  precise  rule  therefore  can  be  given,  but  the 
whole  will  depend  on  the  proper  solution  of  the  equation  as 
propounded  by  Professor  Ohm,  and  given  at  page  110.  The 
engineer  who  is  acquainted  with  the  laws  of  this  science  will 
iind  no  difficulty  in  the  solution  of  the  problem,  whereas  to 
the  public,  or  to  those  ill-versed  in  the  arcana  of  the  science  of 
electricity,  it  would  be  impossible  to  make  the  solving  of  this 
problem  intelligible. 

QUANTITY     OF     ELECTRICITY     TO     BE     USED     FOR 
TELEGRAPHING. 

Many  persons  even  well  conversant  with  the  electric  tele- 
graph have  considered  that  the  sole  end  to  be  obtained 
was  to  devise  a  telegraphic  instrument  in  which  the  smallest 
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quantity  of  electricity  possible  should  effectually  produce  the 
necessary  signals  without  making  due  provision  for  the  action 
of  atmospheric  electricity.  These  persons  seem  to  have  entirely 
forgotten  that  in  many  states  of  the  atmosphere  strong  currents 
of  electricity  pass  between  the  clouds  and  the  earth,  and  are 
intercepted  by  the  extended  wires  of  the  telegraph. 

It  is  obvious  in  the  case  of  the  use  of  instruments  thus 
unprotected,  that  these  natural  currents  of  electricity  in  their 
passage  to  the  earth  would  be  intercepted  and  collected  by 
the  telegraphic  wires,  and  operate  upon  and  disarrange  the 
telegraphic  instruments  connected  with  such  wires. 

It  is  evidently  therefore  not  desirable  that  the  telegraphic 
instruments  should  be  constructed  so  as  to  work  with  an 
extremely  small  quantity  of  electricity)  unless  a  perfect  means 
be  resorted  to,  to  render  harmless  the  effects  of  atmospheric 
electricity,  for  in  such  case  every  natural  discharge  would  affect 
and  disarrange  the  telegraph. 

On  the  other  hand  it  is  undesirable  to  employ  a  telegraphic 
instrument  which  requires  the  use  of  a  very  large  amount  of 
electricity.  The  telegraphic  instruments  should,  therefore,  be 
so  constructed  that  the  ordinary  discharges  of  atmospheric 
electricity,  as  developed  in  fogs,  or  the  action  of  the  aurora 
borealis,  should  not  be  enabled  to  affect  the  same,  nor  yet  heavy 
discharges  of  the  electric  fluid  during  the  presence  of  thunder- 
storms ;  and  in  this  latter  case,  nearly  the  whole  of  the  electric 
fluid  intercepted  by  the  wires  may,  before  it  reaches  the  instru- 
ments, be  extracted  therefrom  by  means  of  a  proper  construc- 
tion of  lightning  conductor,  and  the  instrument  thus  made 
proof  against  all  weathers. 

LIGHTNING    CONDUCTORS. 

One  of  the  best  arrangements  of  a  lightning  conductor  for 
such  purpose  consists  in  wrapping  the  line-wire,  before  it  enters 
the  telegraphic  instrument,  with  silk  or  bibulous  paper,  and 
surrounding  such  covering  with  metallic  filings  placed  in 
direct  metallic  communication  with  the  earth. 
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By  such  arrangement  nearly  the  whole  quantity  of  electri- 
city intercepted  by  the  wires  from  a  flash  of  lightning  is 
extracted  by  the  myriads  of  fine  points  of  the  metallic  filings 
surrounding  the  wire,  and  conveyed  harmlessly  into  the 
ground,  without  in  any  degree  deranging  or  damaging  the 
coils  or  magnets  of  the  telegraphic  instruments. 

When  the  insulation  is  conducted  upon  the  principles 
already  described,  and  the  length  and  size  of  the  wire  in  the 
coils  and  the  magnets  employed  are  made  in  compliance  with 
the  above  rules,  and  proper  lightning  conductors  attached  near 
to  the  instruments,  the  telegraph  so  constructed  will  cause  a 
minimum  quantity  of  electricity  to  perform  a  maximum  amount 
of  work,  and  the  telegraphic  instruments  will  at  the  same  time 
be  rendered  incapable  of  being  injuriously  acted  upon  by  extra- 
neous currents  of  electricity  traversing  the  atmosphere  through 
which  the  wires  pass. 

SUBTERRANEAN    WIRES   AS    COMPARED    WITH    WIRES    IN 
THE    AIR. 

It  may  be  said  that  much  of  the  alleged  damage  likely  to  ensue 
from  the  action  of  natural  currents  of  electricity  passing  through 
the  atmosphere  would  be  obviated  by  the  use  of  wires  buried 
in  the  earth ;  but  when  it  is  found  in  the  case  of  even  a  single 
line  of  telegraph  in  Prussia,  that  more  than  a  hundred  miles 
of  wire  which  were  buried  in  the  earth  (owing  to  their  defective 
insulation,  and  the  difficulty  experienced  and  the  time  occu- 
pied in  detecting  the  exact  position  of  those  defects,  and  in 
remedying  the  defects  when  discovered,)  have  been  abandoned, 
and  wires  suspended  on  posts  in  their  stead,  the  employment 
of  subterranean  wires  for  the  sake  merely  of  lessening  the 
effects  of  atmospheric  electricity  cannot  be  recommended. 

And  again,  when  we  call  to  mind  the  great  additional 
expense  that  must  be  incurred  at  the  first  outset,  and  the 
great  difficulty  and  expense  that  must  be  encountered  after- 
wards in  submerging  additional  wires  when  the  increasing 
wants  of  trade  demand  such  additions,  it  would  appear  uu- 
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wise,  on  the  present  unsatisfactory  evidence  on  the  subject, 
to  pursue  very  extensively  the  plan  of  burying  the  wires  in 
the  earth  in  preference  to  their  suspension  in  the  air,  unless 
money  were  of  little  or  no  importance,  and  the  best  possible 
insulation  was  demanded,  whatever  might  be  its  cost. 


ON    THE    VELOCITY    OF    THE    ELECTRIC    CURRENT. 

The  first  persons  who  observed  the  great  velocity  of  the 
electric  current  were  Otto  Guericke,  Gray,  and  Wheeler.  They 
believed  that  the  velocity  was  all  but  infinite. 

The  celebrated  experiments  of  the  Abbe  Nollet  at  Paris 
demonstrated  the  same  fact.  Nollet,  in  the  presence  of  the 
French  Court,  passed  a  discharge  of  electricity  at  Paris  through 
six  hundred  persons.  Every  person  appeared  to  receive  the 
shock  at  the  same  identical  instant. 

On  the  14th  and  18th  of  July,  1747,  Dr.  Watson  passed  a 
charge  o£  electricity  through  a  wire  extending  over  Westminster 
Bridge  at  London,  the  return  circuit  being  made  by  the  water 
of  the  Thames.  On  the  14th  of  August,  in  the  same  year, 
Dr.  Watson  formed  a  circuit  of  two  miles  of  wire  and  two 
miles  of  earth,  and  passed  electric  currents  through  tin's 
circuit.  The  period  of  time  occupied  by  the  passage  of  the 
power  was  apparently  infinitely  small ;  the  throwing  in  of  the 
charge  at  the  one  end,  and  its  re-appearance  at  the  other,  being 
sensibly  at  the  same  identical  instant  of  time.  It  was  reserved, 
however,  for  the  illustrious  Wheatstone  to  prove,  by  mechanical 
means,  what  the  rate  of  the  transmission  of  this  power  really 
was. 

By  means  of  the  child's  toy,  viz.  waving  a  piece  of  burnt 
stick  in  the  air,  it  was  known  that  if  the  velocity  were  very 
great,  the  luminous  end  of  the  stick  presented  the  appearance 
of  a  ribbon  of  fire.  A  piece  of  burning  wood  was  then  fixed 
to  a  revolving  axle.  If  the  ignited  end  made  a  whole  revolu- 
tion in  the  yVtb  of  a  second,  it  formed  a  complete  circle  or 
circumference  of  light ;  if  a  less  velocity  were  given  to  it,  the 
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circumference  would  appear  broken.  This  at  once  proved 
that  the  impression  produced  by  light  on  the  retina  of  the  eye 
lasted  for  a  period  of  about  the  T^th  of  a  second. 

This  fact  being  borne  in  mind,  a  bright  brass  arm  was  sub- 
stituted for  the  ignited  piece  of  wood,  and  the  apparatus  placed 
in  the  dark.  This  brass  arm  was,  by  means  of  mechanism, 
made  to  revolve  with  different  velocities.  A  spark  from  an 
electrical  machine  or  from  a  Leyden  jar  was  then  produced. 
The  light  of  this  discharge  illumined  the  revolving  arm  of 
brass,  but  the  duration  of  the  spark  was  so  short  that,  how- 
ever fast  the  arm  revolved,  it  always  appeared  stationary. 
Now,  if  the  spark  had  endured  for  even  the  y^th  part  of  a 
second,  the  arm  would  have  been  illumined  the  whole  time, 
and  it  would  thus  have  been  rendered  visible  to  the  eye  during 
that  period,  and  have  appeared  as  a  plane  surface.  It  was 
proved,  however,  by  this  experiment  that  the  duration  of 
the  spark  was  not  even  the  y0Q00th  part  of  a  second  of 
time. 

Flying  insects  and  the  vibrating  strings  of  musical  instru- 
ments were  subjected  to  the  same  test,  yet  each  on  being  illu- 
minated by  the  electric  spark  appeared  as  perfectly  stationary. 
Experiments  were  also  similarly  tried  on  jets  or  falling  drops 
of  water,  yet  the  same  result  was  invariably  produced. 

It  now  became  an  object  to  ascertain  how  rapid  the  passage 
of  electricity  really  was. 

A  long  circuit  of  wire  was  erected  in  the  Adelaide  Gallery, 
the  middle  thereof  being  intersected,  and  two  brass  knobs 
placed  at  their  severed  ends,  and  separated  by  a  distance  of 
about  y^th  of  an  inch.  Two  brass  knobs  were  placed  at  the 
extremes  also  of  this  circuit,  the  one  knob  being  -^ th  of  an  inch 
apart  from  a  knob  in  metallic  connection  with  the  inside  of  a 
Leyden  jar,  and  the  other  knob  being  about  the  same  distance 
from  a  knob  in  metallic  connection  with  the  exterior  coating 
of  the  same  jar. 

The  arrangement,  therefore,  was  substantially  the  same  as 
that  shown  in  the  annexed  drawing. 
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A  Wire  of  half  circuit. 


Wire  of  half  circuit. 


On  the  discharge  of  the  Ley  den  jar  a  spark  would  pass,  as 
is  evident,  between  A  and  B,  c  and  D,  and  E  and  F. 

Now,  if  these  three  sparks  occurred  at  apparently  the 
same  instant  of  time,  the  passage  of  electricity  between  the 
inner  and  outer  coatings  would  appear  to  be  instantaneous. 

In  order  to  ascertain  whether  this  were  so  or  not,  mechani- 
cal arrangements  had  to  be  devised,  for  the  unassisted  eye 
could  not  decide  with  absolute  certainty. 

The  following  was  the  mechanical  arrangement  employed 
for  the  purpose.  A  vertical  mirror  was  fixed  to  an  upright 
axle  which  was  caused  to  revolve  with  very  great  rapidity  in 
front  of  the  knobs  A  B,  CD,  and  E  F. 

Now  if  the  sparks  passed  between  those  knobs  at  identically 
the  same  instant  of  time,  all  would  appear  in  the  revolving 

mirror  in  a  vertical  line,  thus  [ . 

If,  on  the  other  hand,  the  spark  between  A  and  B  preceded 
that  between  c  and  D,  and  the  spark  between  c  and  D  preceded 
that  between  E  and  F,  their  reflected  images  would  appear 
thus  if  the  mirror  revolved  from  right  to  left  §i  ;  and  thus  ^  if 
the  mirror  revolved  from  left  to  right.  On  trying  the  experi- 
ment, however,  it  was  found  that  the  reflection  of  the  sparks 

appeared  thus  ij  if  the  mirror  revolved  from  right  to  left,  and 

thus  §i  if  it  revolved  from  left  to  right. 

This  gave  the  following  results,  viz. 

First,  that  the  electricity  started  from  each  coating  of  the 
jar  at  the  same  instant; 
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And  secondly,  that  time  was  required  for  the  electricity  to 
travel  to  the  middle  of  the  circuit. 

It  now  hecame  of  immense  importance  to  ascertain  how  long 
the  period  of  time  occupied  by  the  passage  of  the  electricity 
from  one  end  of  the  circuit  to  the  middle  really  was.  On 
ascertaining  the  distance  of  the  upper  or  under  reflections  with 
that  of  the  middle  reflection  as  measured  horizontally,  and  com- 
paring that  distance  with  the  velocity  of  the  motion  of  the 
mirror,  the  velocity  of  the  electric  current  was  at  once  de- 
termined. 

It  was  thus  proved  that  the  current  did  not  travel  at  a  less 
speed  than  200,000  miles  a  second — a  velocity  greater  than 
even  that  of  light  itself. 

The  velocity,  therefore,  of  the  electric  current  was  thus 
proved  amply  rapid  for  all  possible  requirements  in  the  electric 
telegraph. 

Other  equally  ingenious  instruments  have  been  devised  by 
Professor  Wheatstone  for  measuring  by  means  of  electricity 
distances  over  which  bodies  travel  with  great  velocity,  and 
that  too  with  such  a  degree  of  accuracy  as  to  measure  the 
distance  to  the  10100th  part  of  an  inch.  Thus,  for  instance, 
the  velocity  of  a  bullet  may  be  measured  when  it  emerges  from 
the  muzzle  of  a  gun,  as  also  the  time  occupied  in  its  transit 
through  the  barrel. 

In  the  same  way  the  time  that  elapses  between  the  striking 
of  the  percussion-cap  of  a  gun  and  the  starting  of  the  bullet 
may  be  ascertained  with  the  greatest  accuracy. 

The  author  has  himself,  by  a  modification  of  one  of  Pro- 
fessor Wheatstone' s  instruments,  measured  the  time  that 
elapses  during  the  descent  of  a  body  in  falling  through  a 
distance  represented  by  merely  the  thickness  of  a  sheet  of 
common  writing-paper. 

As  a  full  description  of  such  instruments  will  be  found  in 
the  <  Transactions  of  the  Royal  Society/  it  is  deemed  unneces- 
sary to  dwell  further  on  this  part  of  the  subject. 
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INVENTION  OF  THE  ELECTRIC  TELEGRAPH  NOW  IN  USE. 

No  one  person  can  be  strictly  called  the  inventor  of  the 
electric  telegraph. 

In  order  to  ascertain  whether  the  honour  of  this  magnificent 
invention  can  he  ascribed  to  any  one  single  person,  let  us 
dissect  any  of  the  forms  of  telegraph  now  in  general  use.  Let 
us  take,  for  example,  the  needle  telegraph  as  now  generally 
used  by  c  The  Electric  Telegraph  Company '  in  England,  and 
by  its  dissected  parts  show  to  whom  is  due  the  honour  of  the 
invention  or  discovery  of  each  of  its  parts. 

Volta,  in  1800,  discovered  the  galvanic  current. 

(Ersted,  in  1811,  discovered  that  a  magnetic  needle  was 
moved  by  the  passage  of  an  electric  current  through  an  adjoin- 
ing wire. 

Schwieger  invented  the  coil. 

Schilling,  in  1832,  placed  the  magnetic  needles  vertical. 

Steinheil,  in  1837,  made  the  counting  of  the  number  of  mo- 
tions the  basis  of  his  alphabets. 

Sturgeon  discovered  and  invented  the  electro-magnet. 

Schilling,  in  1832,  used  a  weight  which  was  caused  to  fall 
by  a  current  of  electricity  to  sound  a  bell. 

Wheatstone  and  Cooke,  in  1845,  made  a  similar  falling 
weight  to  liberate  wound-up  mechanism,  and  thus  to  sound  a 
bell. 

Early  experimenters  showed  that  glass,  porcelain,  and 
resin  were  insulators  of  electricity. 

Watson,  in  1747,  sent  currents  of  electricity  through  wires 
suspended  in  the  air  on  posts. 

Steinheil,  in  1837,  used  wires  suspended  in  the  air,  and 
buried  in  the  ground,  for  an  electric  telegraph. 

Cooke,  in  1842,  patented  a  particular  method  of  suspending 
wires  in  the  air,  and  a  particular  form  of  glass  and  porcelain 
for  insulators. 

Watson,  in  1747,  showed  that  one-half  of  an  electric  current 
might  be  formed  of  the  earth. 
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Steinheil,  in  1837,  used  the  same  for  telegraphic  purposes, 
as  did  also  Cooke  and  Wheatstone  in  1842. 

No  one  can  then  say  that  any  one  person  is  the  inventor  of 
the  electric  telegraph,  as  now  generally  in  use  in  England ;  in 
which  galvanic  batteries, — coils  of  wire, — moveahle  magnets, 
— electro-magnets, — wires  on  posts  in  the  air, — wires  under 
ground, — earth  plates, — and  the  counting  of  the  signals  to 
compose  the  alphabet,  form  the  entire  telegraph. 

Each  one  of  the  above-named  persons  has  a  right  to  claim 
the  discovery  or  invention  of  one  of  those  parts,  and  numerous 
others  have  an  equal  right  to  claim  the  invention  of  many  of 
the  combinations  contained  in  such  telegraph. 

The  same  may  be  said  of  every  telegraph  now  in  use 
throughout  the  world. 

The  complete  telegraph  is  a  joint  invention.  Each  per- 
son has  employed  in  building  up  his  particular  telegraph  the 
discoveries  and  inventions  of  many  others. 

Too  great  praise,  however,  cannot  be  bestowed  on  Mr.  W. 
F.  Cooke  for  his  unwearied  and  energetic  exertions  in  putting 
into  practical  operation  the  inventions  of  Professor  Wheatstone 
and  himself. 

It  is  owing  to  these  exertions  on  the  part  of  Mr.  Cooke 
that  this  kingdom  can  now  boast  of  having  received  the  bene- 
fits of  telegraphic  communication  as  early  as  any  other 
country. 

PREVAILING     IGNORANCE     AS     TO     THE     ACTION     OF     THE 
ELECTRIC     TELEGRAPH. 

Many  persons  there  are,  even  at  this  date,  who  have  not  the 
most  remote  idea  as  to  the  manner  in  which  the  electric  tele- 
graph works. 

Some  firmly  believe  that  the  paper  on  which  the  message  is 
written  actually  passes  through  the  interior  of  the  wire 
itself. 

Others  declare  that  on  placing  their  ears  against  the  posts, 
they  can  hear  the  communications  passing.  But  none  of  these 
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latter  wiseacres  have  ever  been  able  to  ascertain  thereby  what 
the  communication  is. 

The  JSolian  sounds  produced  by  the  wire  when  acted  on  by 
the  wind  have  led  many  persons  into  this  belief,  and  numbers 
there  are,  even  amongst  the  educated  classes,  who  believe  that 
the  sounds  so  produced  are  at  any  rate  the  effect  of  the  pas- 
sage of  the  electric  current. 

It  is  no  uncommon  thing  to  hear  an  illiterate  person  say, 
"What  lots  of  messages  were  sent  by  the  telegraph  yesterday!" 
On  questioning  him  as  to  the  grounds  of  his  knowledge,  he 
unhesitatingly  affirms  that  he  knows  it  well  enough,  for  he 
heard  the  wires  at  it  almost  all  day. 

But  perhaps  one  of  the  most  ludicrous  of  such  like  cases  is 
the  following : 

An  old  woman  from  the  Emerald  Isle,  hearing  the  bell  ring  at 
the  Station  for  the  people  to  take  their  seats  in  the  train,  and  the 
guard  calling  out  "  Now  then,  those  that  are  going,  get  in," 
suddenly  rushed  into  the  carriage,  leaving  her  umbrella  in  the 
hurry  of  the  moment  on  the  platform.  The  guard,  as  the 
train  started,  observing  the  umbrella,  and  believing  it  belonged 
to  some  one  who  had  just  entered  the  carriages,  put  it  into  his 
van.  He  was  right  in  his  surmises,  for  at  the  next-  station 
the  said  Irishwoman,  on  getting  out  of  the  carriage  in  the  rain, 
missed  her  umbrella. 

"Och,  'faith,"  says  she,  "and  there  's  that  dear  darling 
umbrella  of  mine  left  behind.  What  shall  I  do  ?  I  would  not 
have  it  lost  for  the  whole  world — it  was  the  gift  of  my  dear  old 
mother — poor  cratur'.  Och,  'faith,  and  what  shall  I  do  ?" 

The  guard  hearing  the  lamentations  of  the  old  woman, 
and  wishing  to  have  a  bit  of  fun,  whispered  to  a  porter  to 
take  the  umbrella  out  of  his  van  and  to  hang  it  on  the  wires  ; 
and  while  he  went  into  the  station,  ff  Be  calm,  madam,"  said 
the  guard,  "  I  will  telegraph  by  the  wires,  and  see  if  you  did 
leave  it."  Off  he  went  to  the  telegraph  instrument,  followed 
by  the  woman.  He  rung  the  bell  violently,  moved  the 
needles,  and  immediately  shouted  "All  right,  ma'am,  you 
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did  leave  your  umbrella  as  you  said,  and  they  have  sent  it 
by  the  telegraph.  If  you  will  look  outside,  you  will  find  it 
on  the  ivires"  Out  ran  the  old  woman,  and,  to  her  un- 
bounded astonishment  and  delight,  there  her  umbrella,  sure 
enough,  was  on  the  wires.  She  seized  it  in  ecstasies  of  delight, 
and  looking  earnestly  first  at  the  umbrella  and  then  at  the 
posts,  exclaimed  in  utter  astonishment,  "  And  'faith,  and  how 
did  the  poor  cratur'  pass  by  the  posts  without  even  a  scratch 
or  a  mark  on  it,  poor  soul  ? "  The  guard  replied,  "  Ah,  ma'am, 
if  I  were  to  explain  it  to  you,  you  would  not  understand  it. 
We  have  queer  things  in  this  country."  "And  sure  enough 
you  have,  your  honour,"  replied  the  old  woman,  "and  if  the 
inventor  of  that  'ere  thing  don't  go  to  Heaven,  nobody  ought ;" 
and  oif  she  trudged  with  her  treasure,  well  satisfied  with  the 
performance  of  the  electric  telegraph. 

From  that  day  to  this,  this  old  lady,  no  doubt,  firmly  believes 
that  in  the  twinkling  of  an  eye  her  dear  old  darling  umbrella, 
at  the  sounding  of  the  telegraph  bell,  passed  over  some  ten 
miles  of  wire  and  some  hundreds  of  posts,  and  arrived  safely 
at  its  destination. 

With  this  short  digression,  it  is  now  proposed  to  pass  on  to 
a  very  brief  description  of  the  various  kinds  of  telegraphs  in 
use  in  Europe  and  America. 

TELEGRAPHS    IN    GREAT    BRITAIN. 

Ill  England,  the  patents  of  Messrs.  Cooke  and  Wheatstone 
were  bought  by  THE  ELECTRIC  TELEGRAPH  COMPANY  in 
1846.  In  the  same  year  this  Company  obtained  their  Act  of 
Incorporation.  They  being  the  first  Company  in  the  kingdom, 
have  supplied  most  of  the  leading  lines  with  telegraphs  upon 
the  principles  of  their  patents. 

The  kind  of  instrument  now  generally  used  by  them  is  the 
double-needle  telegraph,  a  drawing  of  which  has  already  been 
given.  See  page  75. 

The  letters  are  denoted  by  counting  the-  number  of  move- 
ments of  the  needles  to  the  right  or  left  before  a  slight  pause 
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is  made, — a  principle  which  was  adopted  by  many  inventors 
of  telegraphs  before  any  patent  was  taken  out. 

This  Company  have  long  had  the  exclusive  enjoyment  of 
sending  all  the  telegraphic  intelligence  of  this  country.  They 
paid  no  less  than  ,£168,000  for  their  patents. 

Another  form  of  telegraph  is  also  used  by  this  Company 
at  a  few  of  their  large  commercial  stations.  It  is  a  chemi- 
cally marking  telegraph,  in  which  lines  and  dots  are  made  on 
a  moving  ribbon  of  paper,  by  means  of  currents  of  electricity. 
The  alphabet  used  is  very  similar  to  that  of  Professor  Morse, 
in  America. 

The  following  is  the  alphabet  now  used  for  that  instru- 
ment : — 

I jk t 

d m —  v 

e  -  -  n w 

g p y 

The  telegraphs  of  Messrs.  Highton  have  also  been  used  to  a 
considerable  extent  on  the  London  and  North -Western  Com- 
pany's lines  of  railway,  viz. :  on  the  main  line ;  the  Peter- 
borough Line ;  the  Liverpool  and  Manchester  Line ;  the 
Leeds  and  Dewsbury  Line ;  and  the  Manchester  and  Hudders- 
field  Line. 

They  are  now  about  to  be  extensively  used  throughout  the 
kingdom  by  the  British  Electric  Telegraph  Company,  who, 
as  it  has  been  before  stated,  have  bought  the  patents,  and 
have  obtained  an  Act  of  Parliament. 

The  telegraphs  of  Messrs.  Brett  and  Little  have  also  been 
used,  but  having  in  certain  points  been  proved  by  a  Court 
of  Law  to  be  infringements  of  the  patents  of  the  Electric 
Telegraph  Company,  and  a  compromise  having  been  lately 
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come  to  between  those  two  parties,  it  is  probable  that  the 
instruments  will  be  removed,  and  replaced  by  those  of  the 
Electric  Telegraph  Company. 

The  great  distinguishing  feature  then  of  the  majority  of  the 
telegraphs  at  present  used  in  Great  Britain  is,  that  they  are 
of  the  class  known  as  oscillating  telegraphs,  i.  e.  telegraphs  in 
which  the  letters  are  denoted  by  the  number  of  motions  to  the 
right  or  left  of  a  needle  or  an  indicator. 

The  wires  in  England  have  hitherto  been  almost  universally 
erected  on  posts.  The  insulation  however  is  at  present  by  no 
means  perfect. 

EXTENT  OF  ELECTRIC  TELEGRAPHS  IN  USE  IN  GREAT 
BRITAIN. 

According  to  official  returns,  there  were  in  April,  1850, 
5447  miles  of  railway  open  and  at  work,  1784  miles  in 
course  of  construction,  and  4795  in  abeyance;  making  a 
total  of  7231  miles  of  railway  opened  or  opening,  and  4795 
miles  of  railway  in  suspense. 

According  to  the  published  returns  of  the  Old  Electric 
Telegraph  Company,  wires  were  erected  over  only  2215  miles 
of  railway,  leaving  at  that  period  thousands  of  miles  of  rail- 
way without  any  telegraph  thereon  at  all,  besides  thousands  of 
miles  of  railway  for  which  Acts  of  Parliament  had  been  ob- 
tained, but  on  which  no  works  had  been  commenced. 

Since  that  period,  considerable  progress  has  taken  place  in 
the  construction  of  Electric  Telegraphs,  but  even  now  many 
portions  of  the  kingdom  are  wholly  deprived  of  the  benefits 
resulting  from  telegraphic  communication.  The  exact  length 
of  telegraphs  constructed  from  the  above  period  up  to  the 
present  time  has  not  been  published. 

Again,  with  respect  to  Ireland,  upwards  of  500  miles  of  rail-  ^ 
way  are  in  operation,  l>ut  not  five  miles  of  telegraph  are  yet 
in  use.     A  contract,  however,  has  lately  been  entered  into 
for  the  construction  of  a  telegraph  on  one  line  in  Ireland,  viz. 
between  Dublin  and  Galway. 
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TELEGRAPHS    IN    AMERICA. 

In  America  three  kinds  of  telegraph  are  in  use,  viz.  Morse's, 
Bain's,  and  House's.  Morse's  telegraph,  which  has  already 
been  described,  is  at  present  the  most  generally  employed. 
Bain's  chemically  marking  telegraph  comes  next;  and,  lastly, 
Professor  House's,  which  is  on  the  step-by-step  movement 
principle,  and  which  prints  in  ordinary  letters  the  intelligence 
transmitted.  This  telegraph  is  at  present  used  only  to  a  very 
limited  extent  in  the  United  States,  and  is  known  in  England 
as  the  telegraph  of  Mr.  Jacob  Brett. 

Mr.  Jacob  Brett's  Telegraph. 


In  point  of  rapidity,  Bain's  telegraph  would  come   first, 
Morse's  next,  and  lastly,  House's,  which  must  be  slow  as 
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compared  with  either  of  the  other  two.  Considerable  improve- 
ments, however,  have  been  lately  made  in  the  telegraphs  of 
Messrs.  House  and  Brett. 

It  will  be  observed  that  the  general  system  of  telegraph  used 
in  America  differs  entirely  from  the  oscillating  telegraphs  em- 
ployed in  Great  Britain,  the  telegraphs  in  America  being  all 
on  the  permanently  recording  principle. 

The  wires  in  America  are  erected  entirely  on  posts,  except 
at  a  few  crossings  of  large  rivers,  and  there  wires  covered  with 
gutta  percha  are  laid  under  the  water. 

For  a  description  of  Morse's  telegraph,  see  page  60. 

EXTENT    OF    ELECTRIC    TELEGRAPHS    IN    AMERICA. 

It  is  notorious  how  very  far  in  advance  of  Great  Britain 
America  has  long  been  in  the  means  of  telegraphic  communi- 
cation, as  compared  with  its  commercial  position. 

There  were,  in  the  beginning  of  1850,  in  the  United  States, 
no  less  than  12,000  miles  of  telegraph  in  practical  operation, 
and  3000  miles  of  telegraph  under  construction. 

In  America  the  telegraph  is  used  to  an  enormous  extent. 
This  is  partly  owing  to  the  low  charges  made  for  its  use  and 
the  rivalry  resulting  from  competing  companies. 

On  the  1st  January,  1848,  there  were  only  2311  miles  of 
telegraph  in  operation,  whereas  on  the  1st  January,  1850, 
there  were  12,000  miles  completed  and  at  work.  These  12,000 
miles  of  telegraph  were  the  property  of  no  less  than  twenty 
telegraph  companies.  At  the  present  time  there  are  nearly 
30,000  miles  of  telegraph  in  operation  and  under  construction 
in  America. 

Many  of  these  telegraphs*  are  erected  by  the  sides  of  roads, 
and  others  pass  along  railways,  or  are  extended  over  private 
property. 

The  American  Government  considering  that  the  use  of  the 
electric  telegraph  was  a  great  national  question,  an  Act  was 
passed  enabling  telegraph  companies  to  construct  their  appa- 
ratus over  the  lands  of  public  companies  or  private  individuals 
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on  the  payment  of  an  adequate  compensation,  which,  in  case  of 
disagreement  between  the  parties,  was  to  be  settled  by  a  jury 
to  be  selected  for  the  purpose. 

Little  or  no  opposition  has  been  shown  against  the  con- 
struction of  telegraphs  over  private  property  in  America.  It 
has  been  a  rule  in  many  cases  to  allow  parties  through  whose 
lands  the  wires  pass,  and  on  condition  of  their  repairing  the 
wires  when  broken,  to  have  their  communications  sent  at  a 
reduced  rate. 

TELEGRAPHS    IN    FRANCE. 

The  telegraphs  used  in  France  are  for  the  most  part  of  the 
class  known  as  revolving  pointer  telegraphs. 

For  railway  purposes  one  wire  only  is  used.     In  this  case 


Breguet's  Handle  apparatus  for  sending  the  electric  currents,  as  used  in 
France. 


146 


TELEGRAPHS    IN    FRANCE. 


Front  View  of  Breguet's  Telegraph,  having  two  indicators. 


Top  view  of  Breguet's  Telegraph. 
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Side  view  of  Breguet's  Telegraph. 

the  pointer  as  it  revolves  stops  successively  at  the  letters  on 
the  circular  dial  which  are  intended  to  he  denoted. 

In  the  Government  and  Commercial  Telegraphs  two  wires 
are  used — each  wire  having  its  own  revolving  indicator  con- 
nected with  a  separate  maintaining  power. 

Each  of  these  two  indicators  can  be  made  to  rest  in  any  one 
of  8  different  positions  in  the  circle. 

It  is  evident  therefore  that  8x8  or  64  primary  signals  can 
he  transmitted  by  this  form  of  telegraph. 

The  drawing  in  page  146  exhibits  this  arrangement  of  in- 
strument ;  the  dotted  lines  showing  the  various  positions  in. 
which  the  two  revolving  arms  can  be  made  to  rest. 

EXTENT  OF  TELEGRAPHS  IN  FRANCE. 

In  1850,  620  miles  of  telegraph  were  in  operation,  and  899 
miles  under  construction. 
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Alphabetical  code  used  with  Breguet's  Telegraph,  showing  the  position  of 
the  pointers  when  representing  the  letters  of  the  alphabet. 
A  .     .  v 
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The  wires  are  wholly  suspended  in  the  air. 

A  considerable  extension  of  the  electric  telegraph  has  taken 
place  since  the  year  1850,  but  as  no  Government  return  has 
been  published  of  the  number  of  miles  now  in  use,  it  is  impos- 
sible to  give  the  extent  of  the  mileage  in  operation  at  the  pre- 
sent time. 

TELEGRAPHS    IN    PRUSSIA    AND    GERMANY. 

The  wires  in  Prussia  have  hitherto  been  almost  universally 
buried  in  the  earth.  Those  first  used  were  simply  coated 
with  vulcanized  gutta  percha,  and  deposited  some  18  inches 
or  2  feet  under  the  surface  of  the  ground.  All  telegraphs, 
however,  now  under  construction,  have  the  gutta-percha- 
covered  wire  encased  in  a  leaden  tube. 

The  kind  of  telegraphic  instrument  most  usually  employed 
is  of  the  class  known  as  the  revolving  pointer  or  step-by-step 
movement  telegraph.  In  this  form  of  telegraph,  as  the  hand 
revolves  it  can  by  mechanism  be  made  to  rest,  and  thereby 
point  out  successively  the  letters  on  a  circular  dial.  The 
instruments  used  are  those  of  Siemens  and  Fardly. 

A  modification  of  Morse's  telegraph  is  also  employed.  The 
following  is  the  alphabetical  code  adopted  when  Morse's  sys- 
tem is  employed. 

j£ (E / 

B P  ?  .- 

C Q 1 

D R 2  

E  -  S  ---  3  

F T  4  

G U 5 

II  LE 6  

I  --  V 7 

K —  W 8  

L X  9 

N Z 
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From  accounts  which  have  lately  arrived  in  England  of  the 
working  of  the  electric  telegraphs  in  Prussia,  it  appears  that 
the  under-ground  system  of  wires,  on  the  plan  first  adopted, 
has  proved  a  failure.  It  is  said  that  many  miles  of  those 
subterranean  wires  are  henceforth  to  be  abandoned.  In 
some  places  wires  have  already  been  erected  on  posts  in  lieu  of 
them. 

In  1850,  there  were  2468  miles  of  wire  buried  in  the  earth 
and  in  use;  1210  miles  more  were  then  under  construction. 
There  are  now  about  4000  miles  of  telegraph  at  work. 

The  following  statement  is  extracted  from  'The  Times'  of 
20th  January,  1852: 

"  The  Austrian  Government  is  so  disgusted  with  the  snail- 
like  way  in  which  the  Prussian  telegraph  does  its  work,  that  it 
is  using  all  its  influence  to  get  the  line  to  Strasburg  com- 
pleted. I  am  credibly  informed,  that  a  despatch  is  frequently 
24  hours  in  getting  from  one  end  of  the  Prussian  telegraph  line 
to  the  other.  As  the  subterranean  wires  were  found  to  answer 
so  badly  when  the  Emperor  was  in  Italy,  they  have  been 
entirely  abolished  in  Austria." 

It  is  understood  that  this  refers  to  the  wires  first  laid  down, 
and  not  to  those  encased  in  a  leaden  tube. 
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Already  the  ramifications  of  electro-telegraphs  extend  from 
one  end  of  Europe  to  the  other :  the  lines  to  connect  Peters- 
burg with  Moscow,  and  with  the  Russian  ports  on  the  Black 
Sea  and  the  Baltic,  are  in  progress  ;  other  wires  stretch  from 
the  capital  of  the  Czar  to  Vienna  and  Berlin,  taking  Cracow, 
"Warsaw,  and  Posen  on  the  way.  Two  lines,  by  diiferent  routes 
— Olmutz  and  Brunn, — unite  Vienna  with  Prague,  whence 
an  offset  leads  to  Dresden  ;  a  third  enables  the  Austrian  Go- 
vernment to  send  messages  to  Trieste — their  outport  on  the 
Adriatic — 325  miles  distant ;  a  fourth  communicates  with  the 
metropolis  of  Bavaria;  and  "since  the  10th  January  (1850), 
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the  ' Gazette  d' Augsburg'  has  published  the  course  of  ex- 
change in  Munich  twenty  minutes  after  it  has  been  declared 
in  Vienna."  Calais  may  send  news  to  the  city  of  the  Magyar 
on  the  Danube  ;  and  ere  long  intelligence  will  be  flashed  with- 
out interruption  from  St.  Petersburg  to  the  Pyrenees.  Tuscany 
has  1 00  miles  of  telegraph  under  the  direction  of  Signor  Mat- 
teucci ;  and  a  single  wire,  traversing  the  level  surface  of  the 
Netherlands,  unites  Rotterdam  with  Amsterdam.  Commu- 
nities are  learning  that  the  electric  telegraph  is  an  essential  of 
good  government ;  that  police  without  it  is  inefficient ;  that  by 
it  the  better  interests  of  humanity  are  promoted.  There  is 
talk  also  of  introducing  the  thought-flasher  into  that  land  of 
wonders — Egypt ;  to  stretch  a  wire  from  Cairo  to  Suez  for  the 
service  of  the  overland  mail.  Who  shall  say  that  before  the 
present  generation  passes  away,  Downing  Street  may  not  be 
placed  in  telegraphic  rapport  with  Calcutta  ? 

In  Austria  there  are  about  3000  miles  of  telegraph,  one- 
fourth  being  gutta-percha- coated  wire  laid  under-ground. 
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A  short  time  ago  Dr.  O'Shaughnessy,  in  India,  received  in- 
structions from  the  Indian- Government  to  construct  a  line  of 
electric  telegraph  with  all  possible  despatch.  At  the  time  at 
which  this  order  was  given,  no  wire  was  to  be  had  in  India. 
Dr.  O'Shaughnessy  was  therefore  driven  of  necessity  to  use 
such  materials  as  he  could  obtain  in  India  at  the  time.  He 
procured  a  number  of  rods  of  iron,  f  ths  of  an  inch  thick,  and 
welded  them  together,  in  order  to  form  a  conductor  for  the 
electric  current.  These  rods  were  joined  in  lengths  of  200 
feet  before  they  were  conveyed  to  the  line  of  telegraph. 
Strong  poles  were  then  erected ;  and  these  rods  of  iron,  200 
feet  in  length,  being  welded  together  along  the  line  of  the 
electric  telegraph,  they  were  erected  upon  these  posts,  and 
thus  a  continuous  metallic  conductor  was  obtained  between 
the  distant  stations.  No  sooner  was  this  thick  wire  erected  than 
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monkeys  and  swarms  of  large  birds  alighted  on  it.  No  inju- 
rious effect,  however,  was  produced  upon  it  by  such  extraordi- 
nary visitors,  as  the  wire  was  unavoidably  composed  of  so 
large  a  diameter. 

The  telegraph  remained  perfect  for  a  considerable  period, 
and  messages  were  transmitted  with  accuracy  and  despatch. 
After  a  time  a  tremendous  storm  passed  over  the  district 
traversed  by  the  wire :  a  great  portion  of  the  posts  were 
prostrated,  and  the  wire  thrown  down  upon  the  ground. 
Carts  and  waggons  passed  over  the  wire  without  injuring  it 
in  the  slightest  degree.  The  telegraph  was  re-erected  on 
stronger  posts,  and  has  since  performed  its  work  with  accu- 
racy and  precision.  The  magnets  are  placed  horizontally, 
being  poised  on  a  vertical  axis  similar  to  the  mariner's  com- 
pass. Keys  of  the  simplest  construction  are  used,  and  highly 
ingenious  arrangements  are  provided  for  rendering  innocuous 
the  fearful  discharges  of  atmospheric  electricity  which  charac- 
terize thunder-storms  in  the  vicinity  of  the  tropics. 

The  natural  currents  of  electricity  are  so  strong  in  India 
that  it  is  impossible  to  use  an  electro-magnet  of  iron  in  the 
circuit. 

Great  credit  is  due  to  the  energy  and  perseverance  of  Dr. 
O'Shaughnessy,  who,  without  the -necessary  materials  for  the 
construction  of  an  electric  telegraph,  has  contrived,  with  the 
scanty  materials  at  his  command,  to  construct  one  possessing 
great  efficiency  combined  with  great  simplicity. 

Since  the  erection  of  this  telegraph,  Dr.  O'Shaughnessy  has 
arrived  in  England,  under  the  directions  of  the  East  Indian 
Government,  in  order  to  ascertain,  from  the  experience  already 
attained  in  England  and  other  countries,  the  best  form  of 
telegraph  to  be  used  throughout  India. 

On  the  return  of  Dr.  O'Shaughnessy  to  India,  upwards  of 
4000  miles  of  telegraph  will  be  constructed  with  the  least 
possible  delay. 

One  cannot  but  admire  the  judicious  policy  of  the  East 
Indian  Government  in  ordering  their  telegraphic  engineer  to 
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visit  England,  for  the  express  object  of  obtaining  the  latest 
improvements  in  electric  telegraphs,  before  they  commence 
the  construction  of  so  great  a  length  of  telegraph  as  that 
which  they  contemplate  carrying  out  in  their  possessions  in 
India. 

Whatever  may  be  the  cost  of  this  mission,  the  saving  that 
will  thereby  be  effected  will  doubtless  be  enormous,  and  will 
tend  to  the  perfection  of  the  system  of  electric  telegraphs 
throughout  these  regions  of  the  East. 

From  the  experience  that  will  thus  have  been  gained  by  the 
telegraphic  engineer  of  the  East  Indian  Government,  one 
cannot  but  look  forward  to  the  telegraphs  in  India  (where  there 
are  no  patents)  as  likely  to  be  the  best  which  have  yet  been 
constructed  throughout  the  world,  and  especially  so  as  these 
telegraphs  will  be  under  the  control  and  direction  of  Dr. 
O'Shaughnessy,  who  for  so  many  years  has  paid  so  much 
attention  to  the  science  of  electricity  as  applied  to  the  electric 
telegraph. 

ON    THE     RESTRICTIONS     IMPOSED     ON     THE     USE    OF    THE 
ELECTRIC     TELEGRAPH. 

In  England,  the  Government  has  the  power,  under  various 
Acts  of  Parliament,  of  ordering  all  messages  on  Her  Majesty's 
service  to  take  precedence  of  any  other  communications  what- 
ever. 

In  cases  of  civil  commotion,  or  when  deemed  necessary  by 
the  Secretary  of  State,  all  telegraphs  are  required  on  demand 
to  be  placed  at  the  sole  disposal  and  use  of  the  Govern- 
ment. 

In  such  cases  proper  remuneration  has  to  be  made  to  the 
parties  for  such  use. 

Only  one  instance  of  this  kind  has  occurred,  and  that  was  in 
April,  1849,  during  the  period  of  the  anticipated  Chartist 
riots. 

In  France,  before  any  despatches  are  sent  they  are  obliged 
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to  be  submitted  to  the  Government  authorities  at  the  stations, 
who  have  full  power  to  refuse  or  permit  their  transmission. 

All  despatches  of  the  Government  are  transmitted  in  code  or 
cypher,  so  that  the  parties  working  the  telegraph  have  not  the 
slightest  notion  of  the  meaning  of  the  communication. 

Cypher  or  code  signals  are  not  allowed  to  be  sent  by  the 
public  on  any  pretence  whatever. 

In  Prussia,  every  communication  has  to  be  subjected  to 
similar  supervision  and  control  before  it  is  allowed  to  be  sent 
to  the  party  for  whom  it  is  intended. 

Three  distinct  systems  of  signalling  by  the  electric  tele- 
graph are  used  there. 

The  first  system  is  that  in  which  the  ordinary  letters  of  the 
alphabet  are  employed,  so  that  every  one  can  read  and  under- 
stand the  communications  transmitted. 

This  system  is  adopted  for  the  transmission  of  messages 
for  the  public,  and  no  other  is  allowed  for  such  purpose. 

In  the  second  system  a  private  code  is  employed,  which  code 
is  understood  only  by  the  officers  in  the  army. 

The  third  system  is  by  means  of  a  code  also.  This  code 
differs  from  the  previous  one,  and  is  only  capable  of  being 
translated  by  a  very  few  of  the  highest  authorities  in  the 
Government,  such  as  the  Secretary  of  State  and  the  Comman- 
der-in- Chief  of  the  army. 

It  will  be  observed  therefore  that  on  the  Continent  the 
restrictions  imposed  on  the  free  use,  by  the  public,  of  the  elec- 
tric telegraph  are  very  great,  so  much  so,  indeed,  as  to  render 
it  rather  a  weapon  in  the  hands  of  the  Governments  than  a 
means  of  promoting  social  and  commercial  communications  for 
the  community  at  large. 

In  America  alone,  legislative  provision  is  made  for  the 
transmission  of  intelligence  for  the  press  out  of  the  due  order 
of  reception.  All  other  communications  are  obliged,  under 
a  heavy  penalty,  to  be  transmitted  in  the  same  order  as  that 
in  which  they  are  received. 

In  England,  penalties  are  also  imposed  by  Acts  of  Parlia- 
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ment  for  the  transmission  of  any  communications  otherwise 
than  in  the  order  of  their  reception,  but  no  exception  to  this 
rule  is  made  with  regard  to  communications  intended  for  the 
press. 
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The  Court  of  Directors  of  the  Bank  of  England  have  lately 
caused  to  be  erected  throughout  their  buildings  a  system  of 
electric  telegraphs,  to  communicate  between  the  different  de- 
partments of  that  establishment. 

These  telegraphs  have  been  erected  partly  under  the  patents 
of  Mr.  Bering,  which  had  been  previously  bought  by  the  Old 
Electric  Telegraph  Company,  Mr.  Dering  himself  either  being 
then  or  about  to  become  a  Director  of  that  Company. 

A  description  of  the  patent  of  Mr.  Dering  would  have  been 
given  in  an  earlier  portion  of  this  treatise,  if  these  telegraphs 
had  been  in  use  when  such  former  part  was  written. 

The  principal  features  in  the  plans  of  telegraphs  patented 
by  Mr.  Dering  may  be  thus  summed  up  : 

1.  Instead  of  the  moveable  magnets  working  on  axes, 
magnets  fixed  to  elastic  supports  are  employed. 

2.  The  magnet  and  coil  are  so  arranged  that  the  electri- 
city passing  through  the  coil  acts  on  the  magnet  by  attraction 
or  repulsion ;  the  coil  resembling  that  of  an  electro-magnet, 
but  without  the  iron  core. 

3.  A  peculiar  method  of  sounding  alarums  is  also  given. 

4.  A  means  of  cutting  off  from  the  circuit  any  particular 
telegraphic  instrument  is  described. 

5.  Several  methods  of  preventing  the  injurious  effect  of 
atmospheric  electricity,  collected  by  the  wires  of  the  tele- 
graph during  thunder-storms,  are  given. 

6.  In  insulating  the  line-wires  an  additional  bell  insulator 
is  employed,  this  second  bell  being  inverted  and  placed  in- 
side the  usual  one. 
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The  Specification  of  this  patent  is  published  at  length  in 
the  '  Repertory  of  Patent  Inventions.' 

Mr.  Bering's  telegraphs  are  now  also  partially  used  on  the 
Great  Northern  Railway. 

ELECTRIC    TELEGRAPHS    IN    AMERICA    IN    CONNECTION 

• 

WITH    THE    FIRE    ESTABLISHMENTS. 

In  some  of  the  principal  towns  in  America  a  system  of  elec- 
tric telegraphs  has  heen  constructed,  hy  means  of  which  notice 
of  the  breaking  out  of  a  fire  is  instantly  telegraphed  to  all  the 
fire-engine  stations. 

A  town  is  divided  into  certain  districts.  In  each  district 
one  or  more  electric  telegraphs  are  placed,  communicating  with 
a  central  station.  From  this  central  station  wires  diverge  to 
all  the  principal  establishments  where  fire-engines  are  kept. 

As  soon  as  a  fire  breaks  out,  information  is  sent  to  the 
central  police  station.  From  this  central  station  communi- 
cations are  instantly  despatched  by  telegraph  to  all  the 
fire-engine  stations.  The  engines  start  immediately  to  the 
scene  of  the  fire.  Assistance  is  thus  despatched  forthwith, 
and  no  delay  arises  from  the  uncertainty  as  to  the  exact  locality 
of  the  fire. 

It  is  evident  that  if  such  a  system  were  adopted  in  London 
a  large  amount  of  property  might  be  annually  saved,  and  the 
loss  of  many  lives  prevented. 

It  is  hoped,  therefore,  that  the  inhabitants  of  this  great 
metropolis  will  not  suffer  themselves  to  remain  long  behind 
their  enterprising  brothers  on  the  other  side  the  Atlantic,  in  a 
matter  so  clearly  affecting  not  only  their  property,  but  even 
their  own  lives. 
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In  1849,  an  English  Company  obtained  a  charter  from  the 
French  Government,  which  granted  to  them  the  exclusive 
right  for  10  years  of  sending  electro-telegraphic  intelligence 
between  England  and  certain  defined  points  on  the  French 
coast.  This  right  was  granted  on  condition  that  certain 
requirements  were  complied  with,  and  the  work  carried  out 
within  a  given  period. 

The  first  line  laid  down  consisted  of  one  copper  wire  simply 
covered  with  gutta  percha.  This  wire  was  laid  across  the 
Channel  in  August,  1850. 

The  covering  of  the  gutta  percha  was  ^  of  an  inch  thick. 
The  wire  remained  perfect,  however,  only  a  few  hours,  as  the 
action  of  the  sea  rolling  it  about  on  the  sharp  rocks  at  once 
destroyed  the  covering  and  rendered  the  wire  useless. 

In  September,  1851,  another  line  of  telegraph  was  laid 
across  the  English  Channel.  This  consisted  of  four  copper 
wires,  each  encased  in  gutta  percha,  and  then  enclosed  in  a 
rope  of  galvanized  iron.  The  length  of  rope  made  was  24 
miles.  It  weighed  when  finished  180  tons.  The  plan 
adopted  in  the  manufacture  of  this  telegraph  cable  was  as 
follows  : 

A  copper  wire  (No.  16  wire  gauge)  was  first  carefully  co- 
vered with  gutta  percha ;  upon  this  coating  of  gutta  percha 
a  second  covering  was  laid :  the  copper  wire  was  thus  tho- 
roughly well  insulated.  Four  of  these  insulated  wires  were 
then  bound  together  with  spun-yarn  and  hemp,  saturated  with 
tar. 

This  bundle  of  insulated  wires  with  its  hempen  covering 
was  then  surrounded  by  ten  galvanized  iron  wires,  each 
wire  being  T\ths  of  an  inch  in  diameter.  The  insulated  wires 
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thus  formed  the  core  of  a  large  wire-rope ;  the  whole  process 
and  the  principle  employed  being  both  exactly  the  same  as 
those  patented  by  the  author  in  1850. 

As  this  telegraphic  wire-rope  came  from  the  machine,  it 
was  formed  into  a  large  coil  30  feet  in  diameter.  Each  of  the 
external  and  internal  wires  were  in  one  un- 
broken length.  The  several  smaller  lengths  of 
the  external  wire,  as  manufactured,  were  welded 
together,  and  the  inner  ones  soldered. 

The  making  of  the  rope  occupied  twenty  days. 

The  annexed  drawing  shows  a  portion  of  the 
rope  as  finished. 

The  machine  which  laid  the  iron  wires  around 
the  insulated  ones,  made,  when  working  freely, 
about  18  revolutions  per  minute,  and  completed 
about  1 1  inches  of  the  cable  in  that  time. 

This  huge  wire-rope  was  then  shipped  on  board  the '  Blazer,' 
an  old  war  steamer,  which  the  Admiralty  placed  at  the  dis- 
posal of  the  Company.  The  machinery  of  the  steamer, 
together  with  the  funnel,  had  all  been  previously  removed  in 
order  to  obtain  sufficient  space  in  the  hull  for  the  coil  of  the 
cable. 

The  '  Blazer '  was  then  towed  from  London  to  Dover. 

On  the  25th  of  September,  1851,  the  work  of  paying  out 
the  cable  commenced.  Steam-tugs  were  placed  by  the  Ad- 
miralty at  the  command  of  the  Company.  The  c  Blazer,'  with 
her  cargo,  was  then  towed  from  Dover  to  the  South  Foreland, 
and  one  end  of  the  rope  conveyed  on  to  the  English  shore. 
After  this  the  vessel  was  towed  in  the  direction  of  Cape 
Orinez. 

During  the  process  of  paying  out  the  rope,  it  appears  that 
many  kinks  or  bends  occurred,  and  the  covering  was  every  now 
and  then  torn  off  the  insulated  wires  as  the  rope  went  through 
the  opening  made  for  it  in  the  vessel.  So  great  was  the 
damage  done  at  one  time,  that  it  was  thought  that  the  inner 
telegraphic  wires  were  greatly  injured.  On  the  testing  of 
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them,  however,  the  insulation  was  found  to  be  perfect.  It  is 
hoped  that  time  may  not  reveal  the  fact  of  the  insulating 
covering  having  in  any  way  been  seriously  injured. 

The  distance  between  the  extreme  points  on  the  two  coasts 
between  which  the  cable  was  to  extend,  was  20  miles.  An 
extra  length  of  4  miles  of  cable  was  made  to  allow  for  un- 
dulations and  sinuosities.  In  consequence  of  the  manner  in 
which  the  cable  was  put  on  board  the  steamer  and  after- 
wards payed  out,  and  the  sinuosities  of  the  course  traversed 
by  the  vessel  (which  at  one  time  broke  away  from  the  steam- 
tugs),  the  extra  length  of  4  miles  of  rope,  as  allowed  in  its 
length,  was  found  to  be  too  little.  The  end  of  the  24  miles 
of  rope  would  not  reach  its  destination  by  about  half-a-mile. 

After  temporarily  connecting  the  wires  in  the  cable  to  some 
spare  wire  simply  covered  with  gutta  percha,  and  thereby 
passing  a  few  complimentary  messages  from  coast  to  coast, 
operations  were  suspended  until  more  cable  could  be  manufac- 
tured. Another  mile  of  the  same  kind  of  cable  was  made, 
spliced  to  the  end  of  the  old  one,  and  then  laid  down  in  the 
sea. 

On  the  18th  of  October  the  communication  was  found  to 
be  perfect. 

The  cost  of  the  cable  is  said  to  have  been  £  20,000,  and 
the  whole  expenses  of  the  Company  no  less  than  £  75,000. 

Arrangements  are  being  made  for  trying,  through  the 
instrumentality  of  the  submarine  telegraph,  some  remarkably 
curious  astronomical  experiments,  and  it  is  considered  that 
facilities  for  sidereal  observation  on  all  parts  of  the  Continent 
will  be  greatly  increased  by  means  of  it.  The  South-Eastern 
Kailway  Company,  have,  it  is  said,  with  a  view  to  the  promo- 
tion of  this  object,  consented  to  carry  a  wire  or  wires  from 
their  telegraph  to  the  Observatory  at  Greenwich,  so  as  to  con- 
nect it  with  the  submarine  wires,  and  thus  with  the  Observa- 
tory at  Paris,  so  that  simultaneous  observations  may  be  made 
between  the  Astronomer  Royal  here  and  Professor  Arago  in 
Paris.  The  transit  of  a  star  over  the  meridian  of  London  and 
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Paris  can  thus  be  made  notified  in  an  instant,  and  with  it  the 
exact  time  of  its  transition.  The  longitude  of  both  places,  and 
of  different  places  on  the  Continent,  can  also  be  easily  obtained, 
and  the  most  accurate  records  of  comparative  astronomy  be 
recorded  and  preserved. 

The  working  of  these  submarine  wires  has  hitherto  proved 
very  satisfactory  —  and,  it  is  stated,  highly  remunerative  to 
the  proprietors. 

A  second  rope  is  now  under  construction  for  laying  down 
between  England  and  France,  as  a  duplicate  to  the  first  one. 

Another  telegraphic  rope  is  about  to  be  laid  down  between 
England  and  Ostend :  an  exclusive  permission  to  do  so  has 
already  been  accorded  to  the  principal  proprietors  in  the  sub- 
marine telegraph  from  England  to  France.  A  third  rope  is 
also  to  be  submerged  between  England  and  Holland. 

A  submarine  rope  with  one  insulated  wire  has  lately  been  laid 
down  between  Holyhead  and  Dublin,  and  other  similar  ropes  will 
shortly  be  submerged  between  Port  Patrick  and  Donaghadee. 

The  submarine  wire-rope  lately  laid  across  the  Irish  Chan- 
nel between  Dublin  and  Holyhead  was  thus  constructed: — a 
copper  wire,  No.  16,  was  covered  with  two  coatings  of  gutta 
percha.  In  that  part  of  the  rope  which  lies  in  deep  water,  the 
gutta  percha  covering  is  merely  surrounded  by  twelve  No.  16 
galvanized  iron  wires,  forming  a  thin  rope  about  the  size  of 
one's  little  finger.  Near  the  shore  the  gutta  percha  was  pro- 
tected by  a  covering  of  six  very  thick  galvanized  iron  wires. 
The  weight  of  the  rope  was  about  80  tons,  and  the  length  80 
miles.  This  rope  has  at  present  proved  an  entire  failure,  and 
many  miles  of  it  have  already  been  taken  up. 
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Various  experiments  have  been  tried  in  England,  America, 
and  India,  with  a  view  to  ascertain  whether  it  was  possible  to 
send  telegraphic  communications  with  naked  wires,  or  even 
without  any  wires  at  all. 
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In  England  the  author  and  his  brother  have  tried  many 
experiments  on  this  subject.  Naked  wires  have  been  sunk  in 
canals,  for  the  purpose  of  ascertaining  the  mathematical  law 
which  governs  the  loss  of  power  when  no  insulation  was  used. 
Communications  were  made  with  ease  over  a  distance  of  about 
a  quarter  of  a  mile. 

The  result,  however,  of  these  experiments  has  been  to  prove 
that  telegraphic  communications  could  not  be  sent  to  any 
considerable  distance  without  the  employment  of  an  insulating 
medium. 

In  India  Dr.  O'Shauglmessy  has  laid  uninsulated  wires  across 
a  river  which  is  more  than  a  mile  broad,  for  the  purpose  of 
transmitting  telegraphic  communications ;  and  he  has  found 
that  to  transmit  a  current  along  an  uninsulated  wire  of  that 
length,  and  to  obtain  at  the  distant  end  an  action  sufficient  to 
work  his  telegraphic  instruments,  no  less  than  250  galvanic 
cells  were  required,  and  that  even  then  the  signals  were 
scarcely  visible. 

Professor  Morse,  in  America,  has  tried  various  experiments 
in  sending  currents  across  rivers  without  any  intervening 
wires. 

All  these  experiments,  however,  have  led  to  no  practical 
result,  except  that  they  have  proved  that  where  it  is  necessary 
to  transmit  currents  of  electricity  between  two  stations  which 
are  far  distant  from  each  other,  insulation  of  a  metallic  medium 
is  absolutely  required.  Beyond  the  proof  of  this  fact,  all 
these  costly  experiments  have  proved  futile. 

The  experiments  themselves  have,  however,  been  of  the 
highest  value  to  the  science  of  telegraphing  by  electricity,  and 
many  laws  have  been  deduced  therefrom. 


CHARGES  FOR  THE  USE  OF  THE  ELECTRIC  TELEGRAPH. 

When  the  Old  Electric  Telegraph  Company  first  opened  their 
lines  for  the  transmission  of  public  messages  in  England,  the 
charges  for  twenty  words  were  calculated  at  the  rate  of  \d. 
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per  mile  for  the  first  50  miles,  \d.  per  mile  for  the  next  50 
miles,  and  \d.  per  mile  for  every  mile  beyond  the  first  100 
miles. 

On  the  llth  of  March,  1850,  the  charges  were  reduced; 
10s.  being  made  the  maximum  charge  for  any  distance. 

On  the  20th  of  March,  1851,  a  further  reduction  was  made, 
and  no  message  of  twenty  words  was  to  exceed  8s.  6d. 

On  the  17th  of  November,  1851,  the  tariff  was  still 
further  reduced ;  the  charge  being  2s.  6d.  for  twenty  words 
if  transmitted  100  miles  or  less,  and  5s.  if  more  than  100 
miles. 

Early  in  1852  a  further  reduction  was  made,  the  charge  for 
a  message  between  Manchester  and  Liverpool  being  for  twenty 
words  Is.  instead  of  2s.  6d. 

The  telegraphs  on  the  South-Eastern  Railway  do  not  be- 
long to  the  Old  Electric  Telegraph  Company,  but  to*  the 
Railway  Company.  The  charges  in  the  district  passed 
through  by  this  railway  were  very  high  in  the  first  instance, 
but  a  great  reduction  was  made  on  the  17th  of  November, 
1851,  when  the  charge  for  a  message  between  any  two  stations 
on  their  line  was  reduced  to  5s.  for  twenty  words. 

Time  and  experience  alone  can  decide  whether  the  charges 
now  made  in  England  are  such  as  to  produce  a  maximum  of 
convenience  to  the  public,  together  with  a  maximum  of  profit 
to  the  telegraph  companies.  There  are  some  who  assert  that 
the  above  charges  are  very  high,  and  that  neither  the  public 
reap  the  benefits  which  they  ought  to  derive  from  so  great  an 
invention,  or  the  proprietors  of  the  telegraph  so  great  a  profit 
as  they  would  do  if  the  charges  were  materially  reduced. 
There  are  others,  again,  who  assert  that  the  present  charges 
are  as  low  as  they  ought  to  be  to  secure  to  the  telegraph  com- 
pany a  fair  return  on  the  capital  invested  by  them  in  the 
construction  of  their  lines,  and  at  the  same  time  to  give  consi- 
derable facilities  and  convenience  to  the  public.  Time,  expe- 
rience, and  competition  will  ere  long  afford  a  perfect  solution 
to  this  problem.  Much,  it  is  true,  will  ever  depend  on  the 
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cheap  construction  of  the  electric  telegraph  itself,  although 
dependence  must  not  be  placed  wholly  on  this  point. 

Accuracy,  precision,  and  despatch  are  of  far  greater  im- 
portance in  the  transmission  of  telegraphic  intelligence  than 
mere  cheapness ;  hut  there  is  no  reason  why  all  these  essential 
properties  should  not  he  combined  with  low  charges. 

Another  point  which  will  in  a  great  measure  regulate  the 
charge  for  the  transmission  of  telegraphic  messages  in  ordinary 
matters  is  the  increasing  facilities  and  despatch  which,  by 
means  of  improvements  in  railways,  can  and  will  be  afforded 
to  the  transmission  of  intelligence  by  the  post. 

Immense  improvements  have  of  late  years  been  made  in 
the  despatch  of  letters  by  post.  This  department  is  under 
the  control  of  Government,  and  increased  facilities  for  the 
transmission  of  letters  are  taking  place  almost  daily.  The 
charge  for  telegraphic  intelligence  must  therefore  in  some 
measure  be  regulated  by  the  increased  facilities  which  may 
gradually  be  afforded  by  the  Post  Office.  That  charge  which 
may  be  the  best  for  all  parties  to-day  may  require  alteration 
on  the  morrow :  no  definite  general  rule,  therefore,  can  be 
laid  down. 

The  charge  for  the  use  of  the  telegraph  must,  as  in  the  case 
of  the  fares  by  railway,  steam-boat,  or  omnibus,  be  regulated 
by  the  peculiar  circumstances  existing  at  the  time. 

No  one,  however,  can  doubt,  that  as  in  the  case  of  the  late 
reduction  in  the  charge  of  postage  for  letters  the  number  of 
letters  immensely  increased,  so,  in  the  reduction  of  charges 
for  the  use  of  the  telegraph,  the  number  of  messages  would 
be  greatly  multiplied  also. 

The  annexed  is  the  present  tariff  of  charges  for  the  trans- 
mission of  messages  by  the  submarine  telegraph. 
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The  foregoing  were  the  charges  for  the  use  of  the  telegraph 
in  Belgium  in  1850. 

TELEGRAPH    CHARGES    IN    FRANCE  AND    PRUSSIA. 

The  charges  for  the  transmission  of  telegraphic  intelligence 
in  France  and  Prussia  were,  in  1850,  about  the  same  as  those 
in  England  at  that  time. 

The  following  is  the  tariff  of  charges  in  France  : 

miles.  f.    c.  s.    d. 

Paris  to  Amiens         .        .  about    72  4  80  40 

4  8f 

5  3f 

5  3f 

6  3f 

6  1* 

3  llf 

4  10£ 
6  4 

4  10£ 

5  7* 
5  2f 
4  3 

3  lOf 

4  9f 

In  America  the  charges  have  always  been  very  low,  and  the 
telegraph  in  consequence  is  most  extensively  used. 

In  1850  the  charges  varied  from  one-fourth  to  one-sixth  of 
those  made  in  England. 

The  following  Table  shows  a  few  of  the  charges  made  in 
America  about  that  time  : 

miles.  s.    d. 

From  New  York  to  Boston,  about  240  30  cents,  or  about  1     3 

Philadelphia  to  Harrisburg,  „  107  20  „  „       010 

New  York  to  Philadelphia,  „  90  25  „  ,,10 

Philadelphia  to  Pittsburg,  „  321  40  „  ,,18 

New  York  to  Baltimore,  „  190  50  „  ,,20 

New  York  to  Albany,  „  196  37  „  ,,16 

New  York  to  Washington,  „  230  50  „  ,,20 


Arras 

100 

5  64 

Valenciennes 

125 

6  36 

Lille     . 

130 

6  36 

Calais 

163 

7  56 

Dunkirk 

160 

7  32 

Orleans 

67 

4  56 

Tours 

139 

5  88 

Angers 
Bourges 
Nevers 

190 
127 
154 

7  60 
5  88 
6  72 

Chateauroux  . 

147 

6  24 

Chalons  sur  Marne 

95 

5  10 

Rouen 

75 

4  68 

Havre 

112 

5  76 

1C8  REGULATION    OF    TIME. 

miles.  s.    d. 

Washington  to  New  Orleans,  about  1716  2  dollars,  or  about  8     0 

Washington  to  Baltimore,         „         40  20  cents,            „       010 

Philadelphia  to  Wilmington,     „         30  10       „               ,,05 

Wilmington  to  Baltimore,         „         86  20       „               „       0  10 

Philadelphia  to  Baltimore,        „         99  25       „               ,,10 

Longer  messages  are  sent  at  proportionally  low  rates,  with  a 
further  reduction  on  very  long  communications. 

In  contrast  with  this,  the  charges  in  England  were  at  the 
same  period, 

s.    d. 

From  London  to  Birmingham,  which  is  about  112  miles,  6     6 

„         Cheltenham,              „             100      „  76 

„         Glasgow,                    „             420      „  10     0 

„         Hull,                          „             200      „  96 

„        Liverpool,                  „             210      „  86 

„        Newcastle,                „            300      „  10     0 

,,         Southampton,            „              80      ,,  56 

York,                         „             200      „  90 

It  should  be  observed  that  these  English  rates  are  for  a 
message  of  twenty  words,  whilst  the  American  rates  are  for  a 
message  of  ten  words :  but  then  the  English  Company  count 
the  address  and  signature,  £c.  as  forming  part  of  tbe  twenty 
words ;  whilst  the  American  rates  relate  to  a  message  of  ten 
words,  clear  of  the  address,  date,  signature,  &c.,  for  which 
nothing  is  charged. 

REGULATION  OF  TIME  BY  THE  ELECTRIC  TELEGRAPH. 

For  some  time  past  arrangements  have  been  pending 
between  the  Electric  Telegraph  Company,  the  Astronomer 
Royal,  and  the  South-Eastern  Railway  Company,  for  the 
establishment  and  transmission,  throughout  London  and  the 
provinces,  of  mean  Greenwich  or  uniform  time.  For  this  pur- 
pose a  system  of  ingenious  apparatus  is  being  constructed 
upon  the  dome  of  the  Telegraph  Company's  West-end  station, 
No.  448,  Strand,  opposite  Hungerford  Market.  From  the 
summit  of  this  dome  an  uninterrupted  view  of  London  and  the 
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river  was  obtainable,  the  total  height  of  the  apparatus  being 
about  110  feet  above  the  level  of  the  Thames. 

The  apparatus  consists  of  a  long  quadrangular  shaft  or  pillar 
of  wood,  about  38  feet  high.  The  first  section  of  this  hollow 
shaft  is  fixed  into  the  floor  of  the  room  underneath  the  dome, 
and  thence  carried  through  and  joined  on  to  the  second  section 
and  the  third,  the  latter  of  which  is  then  passed  through  the 
centre  of  a  large  globe  or  ball,  which  is  intended  by  means  of 
sympathetic  electrical  action  to  fall  every  day  simultaneously 
with  the  well-known  ball  on  the  top  of  the  Greenwich  Observa- 
tory, between  which  and  the  Strand  the  electric  wires  have  been 
completed  for  the  purpose,  so  as  to  indicate  to  all  London 
and  the  vessels  below  bridge  exact  Greenwich  time.  The  ball 
is  nearly  6  feet  high  and  16  feet  in  circumference,  and  is 
formed  of  zinc.  The  apparatus  is  so  constructed,  in  connec- 
tion with  the  telegraphic  wires  between  London  and  Greenwich, 
that  when  the  ball  at  Greenwich  falls,  an  instantaneous  shock 
of  electricity  will  be  communicated  along  them ;  and  this, 
acting  on  an  electrical  trigger  connected  with  the  ball  in  the 
Strand,  will  cause  it  to  fall  simultaneously  with  the  one  at 
Greenwich.  The  cost  of  carrying  out  this  novel  chronometrical 
machine  is  estimated  at  ^6 1000. 

ELECTRIC    CLOCKS. 

Various  plans  have  been  proposed  and  patented  for  working 
clocks  or  chronometers  by  the  power  of  electricity  instead  of 
that  of  gravity.  In  some  cases  no  weight  is  employed,  but 
the  power  of  electricity  is  the  direct  means  of  causing  a  pen- 
dulum to  continue  its  vibrations  for  any  definite  period  of 
time,  and  thus  to  force  forward  the  wheels  of  clock-work  me- 
chanism, and  with  them  the  hands  of  the  clock. 

Among  the  inventors  of  this  system  of  electric  clocks  may 
be  mentioned  with  distinction  the  names  of  Mr.  Alexander 
Bain  and  Mr.  Shepherd. 

Mr.  Bain  and  others  have  also  caused  the  motion  of  clock- 
work mechanism,  whether  the  same  be  actuated  primarily  by 

H 


170 


ELECTRIC    CLOCKS 


electricity  or  gravity,  to  send  currents  of  electricity  along  a 
conductor,  and  thus  to  work  any  number  of  electric  clocks 
placed  in  the  circuit,  and  thereby  to  make  each  one  of  those 
clocks  to  keep  exactly  the  same  time  as  that  of  the  primary 
or  standard  one. 

This  principle  of  causing  any  number  of  clocks  to  go  iso- 
chronously  is  of  the  highest  importance,  and  especially  so  in 
Observatories,  where  observations  are  being  made  at  the  same 
instant  of  time  on  the  same  celestial  object,  by  different 
observers  at  different  instruments. 

ELECTRIC    CLOCKS   AT  THE   OBSERVATORY  AT  GREENWICH. 

At  the  present  time  several  clocks  on  this  latter  principle 
are  under  construction  at  the  Observatory  at  Greenwich. 

Hitherto  at  this  Observatory  each  attendant  or  observer  has 
had  his  own  chronometer ;  and  as  no  two  chronometers  working 
by  the  power  of  gravity  or  a  spring  can  be  made  to  go  exactly 
isochronously  for  weeks  together,  each  observer  in  the  different 
departments,  after  having  denoted  the  time  of  an  observation, . 
has  had  to  correct  such  denoted  time,  in  order  to  make  it 
correspond  with  the  time  of  the  standard  chronometer  of  the 
Observatory. 

As  soon,  however,  as  every  clock  in  the  building  is  made 
by  the  means  of  the  electric  current  to  go  isochronously  with 
the  standard  chronometer  of  the  Observatory,  no  such  cor- 
rection will  be  required,  nor  indeed  any  correction  at  all, 
unless  the  standard  chronometer  happens  at  the  time  to  be 
either  before  or  behind  the  true  time.  This  arrangement  of 
chronometers,  actuated  by  means  of  electric  currents,  will, 
when  carried  into  practice,  immensely  reduce  the  labours  of 
each  observer,  and  give  far  more  accurate  results. 

An  apparatus  of  another  kind  is  now  being  constructed  at 
the  Observatory,  by  means  of  which  the  exact  instant  of  time 
at  which  a  heavenly  body  crosses  the  wires  of  the  telescope 
may  be  denoted  with  absolute  certainty. 
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The  apparatus  consists  of  a  cylinder,  in  circumference  about 
3  feet,  and  over  which  a  covering  of  paper  is  to  be  placed. 
This  cylinder  will  be  made  to  revolve  uniformly  by  means  of 
a  clock  movement,  governed  by  a  centrifugal  pendulum.  The 
paper  will  travel  a  distance  of  about  one-third  of  an  inch  in  a 
second  of  time,  but  of  course  it  can  be  made  to  travel  a  greater 
or  less  distance  if  desired.  A  pricker  or  marker,  to  be  actuated 
by  means  of  electricity,  will  be  placed  immediately  over  this 
paper.  Wires  will  extend  from  this  marker,  and  terminate  in 
a  key  by  the  side  of  the  observer  at  the  telescope.  On  pressing 
down  this  key  a  mark  will  be  made  on  the  paper  on  the  revolving 
cylinder,  in  the  same  way  as  marks  are  made  by  Morse's 
telegraph. 

At  the  instant  that  the  observer  notices  that  a  heavenly 
body  is  crossing  one  of  the  wires  in  his  telescope  he  will  touch 
the  key,  and  thus  cause  a  mark  to  be  made  on  the  moving 
paper.  Each  second  of  time  will,  by  clock-work  mechanism, 
be  also  marked  by  dots  upon  the  same  piece  of  paper,  so  that 
by  measuring  the  distance  of  the  dot  made  by  the  observer 
from  the  nearest  second  dot  made  by  the  clock-work,  the  exact 
instant  of  time  at  which  that  observer's  mark  was  made  will 
be  ascertained. 

By  this  means  the  observer  will  be  enabled  to  record  the 
exact  period  at  which  such  heavenly  body  crosses  the  respective 
wires  of  his  telescope,  and  that  with  a  degree  of  nicety  which 
can  be  measured  to  the  fractional  part  of  a  second  of  time. 

Without  such  apparatus  it  would  be  almost  impossible  to 
denote  the  time  of  an  observation  to  a  degree  much  less  than 
that  of  a  whole  second  of  time,  but  by  its  means  it  will  be 
perfectly  easy  to  ascertain  the  exact  instant,  even  to  the  -^th 
or  10100th  part  of  a  second. 

It  is  obvious,  then,  that  by  the  aid  of  electricity  all  astrono- 
mical observations  will  henceforth  be  conducted  with  a  degree 
of  accuracy  which  no  one  a  few  years  ago  would  ever  have 
imagined  to  have  been  practically  possible. 

To  such  a  degree  of  nicety  has  this  means  of  measuring 
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extremely  small  periods  of  time  been  carried  in  other  depart- 
ments of  science,  that  the  author  himself  has  been  enabled  to 
record  the  time  at  which  occurrences  have  taken  place  to  the 
ToVotf1  part  of  a  second  of  time. 

Such  has  been  the  late  rapid  advancement  in  the  science  of 
Electricity. 

If  any  one  had  dared  but  a  few  years  ago  to  have  asserted 
that  he  could  have  recorded  the  period  of  an  occurrence  to 
the  ToVoth  Part  °f  a  second  of  time,  he  would  have  been 
looked  upon  as  an  idle  dreamer,  or  one  devoid  of  common 
sense.  The  fact  is,  however,  patent  to  the  world.  To  the 
uninitiated,  the  measuring  of  such  extremely  small  periods 
of  time  may  even  now  appear  chimerical,  but  to  the  man  of 
science  such  has  long  become  an  acknowledged  fact. 

In  the  United  States  the  principle  of  telegraphing  time  by 
electricity  has  long  been  adopted. 

At  Boston,  U.  S.,  true  time  is  received  every  day  from  the 
Cambridge  Observatory,  four  miles  distant,  for  the  service  of 
the  shipping  in  the  harbour. 

There  is  no  reason  why,  in  this  great  commercial  country, 
Greenwich  time  should  not  be  sent  at  least  once  every  day  to 
every  shipping  port  in  the  United  Kingdom.  The  advantages 
which  such  an  arrangement  would  afford  are  beyond  calcula- 
tion, and  it  well  becomes  the  Government  of  this  maritime 
nation  to  see  that  such  an  arrangement  is  speedily  and 
effectually  carried  out. 

GENERAL    UTILITY    OF   THE    ELECTRIC    TELEGRAPH. 

No  person  unacquainted  with  the  electric  telegraph  can 
form  any  idea  of  the  enormous  amount  of  business  which  is 
daily  transacted  by  means  of  this  invention.  Messages  of 
every  character  are  constantly  being  transmitted,  both  by 
night  as  well  as  by  day. 

As  regards  the  amount  of  telegraphic  correspondence  carried 
on  by  a  railway,  with  respect  to  the  working  of  the  line  alone, 
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some  idea  may  be  formed  by  the  knowledge  of  the  fact  that  at 
a  single  station,  on  the  South-Eastern  Railway,  upwards  of 
20,000  messages  on  the  service  of  the  Railway  are  annually 
recorded  in  the  books  of  that  Company. 

The  security  which  the  electric  telegraph  affords  to  railway 
travelling  is  not  the  least  of  its  merits  ;  accident  and  obstruc- 
tion can  at  once  be  made  known,  and  the  remedy  provided  for. 

The  following  is  one  of  the  many  services  which  the  electric 
telegraph  has  rendered,  in  averting  impending  danger  on  a 
railway. 

"On  New  Year's  Day,  1850,  a  catastrophe,  which  it  is 
fearful  to  contemplate,  was  averted  by  the  aid  of  the  telegraph. 
A  collision  had  occurred  to  an  empty  train  at  Gravesend ;  and 
the  driver  having  leaped  from  his  engine,  the  latter  started 
alone  at  full  speed  to  London.  Notice  was  immediately  given 
by  telegraph  to  London  and  other  stations;  and  while  the 
line  was  kept  clear,  an  engine  and  other  arrangements  were 
prepared  as  a  buttress  to  receive  the  runaway.  The  superin- 
tendent of  the  railway  also  started  down  the  line  on  an  engine  ; 
and  on  passing  the  runaway  he  reversed  his  engine,  and  had  it 
transferred  at  the  next  crossing  to  the  up-line,  so  as  to  be  in 
the  rear  of  the  fugitive.  He  then  started  in  chase,  and  on 
overtaking  the  other  he  ran  into  it  at  speed,  and  the  driver  of 
his  engine  took  possession  of  the  fugitive,  and  all  danger  was 
at  an  end.  Twelve  stations  were  passed  in  safety;  it  went  by 
Woolwich  at  fifteen  miles  an  hour,  and  was  within  a  couple  of 
miles  of  London  before  it  was  arrested.  Had  its  approach 
been  unknown,  the  mere  money-value  of  the  damage  it  would 
have  caused  might  have  equalled  the  cost  of  the  whole  line  of 
telegraph." 

The  promptitude  with  which  detection  has  followed  fraud 
by  the  agency  of  the  telegraph  is  sometimes  rather  amusing. 
Mr.  Smee  relates  an  instance :  "  One  Friday  night,  at  ten 
o'clock,  the  chief  cashier  of  the  Bank  received  a  notice  from 
Liverpool,  by  electric  telegraph,  to  stop  certain  notes.  The 
next  morning  the  descriptions  were  placed  upon  a  card  and 
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given  to  the  proper  officer,  to  watch  that  no  person  exchanged 
them  for  gold.  Within  ten  minutes  they  were  presented  at 
the  counter  by  an  apparent  foreigner,  who  pretended  not  to 
speak  a  word  of  English.  A  clerk  in  the  office,  who  spoke 
German,  interrogated  him,  when  he  declared  that  he  had  re- 
ceived them  on  the  Exchange  at  Antwerp  six  weeks  before. 
Upon  reference  to  the  books,  however,  it  appeared  that  the 
notes  had  only  been  issued  from  the  Bank  about  fourteen  days, 
and  therefore  he  was  at  once  detected  as  the  utterer  of  a 
falsehood.  The  terrible  Forrester  was  sent  for,  who  forthwith 
locked  him  up,  and  the  notes  were  detained.  A  letter  was  at 
once  written  to  Liverpool,  and  the  real  owner  of  the  notes 
came  up  to  town  on  Monday  morning.  He  stated  that  he  was 
about  to  sail  for  America,  and  that  whilst  at  an  hotel  he  had 
exhibited  the  notes.  The  person  in  custody  advised  him  to 
stow  the  valuables  in  his  portmanteau,  as  Liverpool  was  a  very 
dangerous  place  for  a  man  to  walk  about  with  so  much  money 
in  his  pocket.  The  owner  of  the  property  had  no  sooner  left 
the  house  than  his  adviser  broke  open  the  portmanteau  and 
stole  the  property.  The  thief  was  taken  to  the  Mansion 
House,  and  could  not  make  any  defence.  By  a  little  after  ten 
the  next  morning,  such  was  the  speed,  not  only  was  a  true 
bill  found,  but  the  trial  by  petty  jury  was  concluded,  and  the 
thief  sentenced  to  expiate  his  offence  by  ten  years'  exile  from 
his  native  country." 

Again:  "When  the  'Hibernia'  steamer  arrived  at  Boston  in 
January,  1847,  with  news  of  the  scarcity  in  Great  Britain, 
Ireland,  and  other  parts  of  Europe,  and  with  heavy  orders  for 
agricultural  produce,  the  farmers  in  the  interior  of  the  State  of 
New  York,  informed  of  the  facts  by  magnetic  telegraph,  were 
thronging  the  streets  of  Albany  with  innumerable  team-loads 
of  grain  almost  as  quickly  after  the  arrival  of  the  steamer  at 
Boston  as  the  news  of  that  arrival  could  ordinarily  have 
reached  them." 

Apart  from  business  and  politics,  the  Americans  have  made 
the  electric  telegraph  subservient  to  other  uses  :  medical  prac- 
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titioners  in  distant  towns  have  been  consulted,  and  their 
prescriptions  transmitted  along  the  wire;  and  a  short  time 
since  a  gallant  gentleman  in  Boston  married  a  lady  in  New 
York  by  telegraph — a  process  which  may  supersede  the  ne- 
cessity for  elopement,  provided  the  law  hold  the  ceremony 
valid. 

A  favourable  idea  of  the  immediate  practical  utility  of  the 
telegraph  may  be  gathered  from  the  remarks  of  a  correspondent 
in  the  United  States,  who  writes  thus :  "  The  telegraph  is 
used  in  this  country  by  all  classes,  except  the  very  poorest — 
the  same  as  the  mail.  A  man  leaves  his  family  for  a  week  or 
a  month ;  he  telegraphs  them  of  his  health  and  whereabouts 
from  time  to  time.  If  returning  home,  on  reaching  Albany 
or  Philadelphia,  he  sends  word  the  hour  that  he  will  arrive. 
In  the  towns  about  New  York  the  most  ordinary  messages  are 
sent  in  this  way;  a  joke,  an  invitation  to  a  party,  an  inquiry 
about  health,  &c.  In  our  business  we  use  it  continually. 
The  other  day  two  diiferent  men  from  Montreal  wanted  credit, 
and  had  no  references ;  we  said,  '  Very  well ;  look  out  the 
goods,  and  we  will  see  about  it.'  Meanwhile  we  asked  our 
friends  in  Montreal,  'Are  Pump  and  Proser  good  for  one 
hundred  dollars  each  ?'  The  answer  was  immediately  returned, 
and  we  acted  accordingly;  probably  much  to  our  customers' 
surprise.  The  charge  was  a  dollar  for  each  message,  distance 
about  500  miles,  but  much  further  by  telegraph,  as  it  has  to 
go  a  round  to  avoid  the  water." 

In  that  excellent  publication,  viz.  '  Chambers' s  Papers  for 
the  People,'  from  which  the  above  quotations  have  been  made, 
appear  the  following  verses  on  the  electric  telegraph.  They 
are  inserted  here  merely  for  the  purpose  of  showing  the  varied 
uses  to  which  the  electric  telegraph  is  even  now  employed. 


Hark !  the  warning  needles  click, 
Hither — thither — clear  and  quick. 
Swinging  lightly  to  and  fro, 
Tidings  from  afar  they  show, 
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While  the  patient  watcher  reads 
As  the  rapid  movement  leads. 
He  who  guides  their  speaking  play 
Stands  a  thousand  miles  away. 

Sing  who  will  of  Orphean  lyre, 
Ours  the  wonder-working  wire ! 
Eloquent,  though  all  unheard, 
Swiftly  speeds  the  secret  word, 
Light  or  dark  or  foul  or  fair, 
Still  a  message  prompt  to  bear : 
None  can  read  it  on  the  way, 
None  its  unseen  transit  stay. 
Now  it  comes  in  sentence  brief, 
Now  it  tells  of  loss  and  grief, 
Now  of  sorrow,  now  of  mirth, 
Now  a  wedding,  now  a  birth, 
Now  of  cunning,  now  of  crime, 
Now  of  trade  in  wane  or  prime, 
Now  of  safe  or  sunken  ships, 
Now  the  murderer  outstrips, 
Now  it  warns  of  failing  breath, 
Strikes  or  stays  the  stroke  of  death. 
Sing  who  will  of  Orphean  lyre, 
Ours  the  wonder-working  wire  ! 
Now  what  stirring  news  it  brings, 
Plots  of  emperors  and  kings ; 
Or  of  people  grown  to  strength, 
Rising  from  their  knees  at  length : 
These  to  win  a  state — or  school; 
Those  for  flight  or  stronger  rule. 
All  that  nations  dare  or  feel, 
All  that  serves  the  commonweal, 
All  that  tells  of  government, 
On  the  wondrous  impulse  sent, 
Marks  how  bold  Invention's  flight 
Makes  the  widest  realms  unite. 
It  can  fetters  break  or  bind, 
Foster  or  betray  the  mind, 
Urge  to  war,  incite  to  peace, 
Toil  impel,  or  bid  it  cease. 

Sing  who  will  of  Orphean  lyre, 
Ours  the  wonder-working  wire ! 
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Speak  the  word,  and  think  the  thought; 

Quick  'tis  as  with  lightning  caught, 

Over — under — lands  or  seas, 

To  the  far  antipodes. 

Now  o'er  cities  throng'd  with  men, 

Forest  now  or  lonely  glen ; 

Now  where  busy  Commerce  broods, 

Now  in  wildest  solitudes ; 

Now  where  Christian  temples  stand, 

Now  afar  in  Pagan  land. 

Here  again  as  soon  as  gone, 

Making  all  the  earth  as  one. 

Moscow  speaks  at  twelve  o'clock, 

London  reads  ere  noon  the  shock ; 

Seems  it  not  a  feat  sublime, — 

Intellect  hath  conquer'd  Time  ! 

Sing  who  will  of  Orphean  lyre, 

Ours  the  wonder-working  wire ! 

CONCLUDING    REMARKS. 

In  penning  the  foregoing  pages,  the  author  has  endeavoured 
to  free  his  mind  as  much  as  possible  from  any  bias  that 
it  might  have  in  favour  of  any  particular  system  or  systems  of 
electric  telegraph. 

As  the  parent  naturally  likes  his  own  offspring  better  than 
the  child  of  another,  so  each  inventor  naturally  considers  his 
own  inventions  superior  to  those  of  his  neighbour ;  and  should 
any  remarks  that  have  been  made  be  thought  to  be  in  any 
way  uncalled  for,  or  harsh,  or  severe,  the  author  will  be  truly 
and  sincerely  sorry.  Difficult  though  the  task  in  practice  may 
be,  his  sincere  aim  and  object  have  ever  been  to  do  justice 
to  all. 

Many  persons  may  think  that  some  inventions  ought  to 
have  been  given  more  in  extenso,  while  others  ought  to  have 
been  curtailed.  To  please  all  would  clearly  have  been  impos- 
sible, and  the  author  trusts  that  those  who  are  inclined  to 
censure  will  remember  the  fable  of  the  old  man,  the  boy,  and 
the  ass. 
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It  must  not  be  forgotten  that  the  electric  telegraph  is 
now  only  in  its  infancy.  Much  has  yet  to  be  accomplished, 
and  wonderful  discoveries  still  await  the  patient  and  laborious 
student. 

Who  could  have  thought  that  the  accidental  contraction  of 
the  muscles  of  a  frog  would  ever  have  paved  the  way  to  such 
brilliant  results  as  have  already  appeared  ! 

The  failing  apple  led  to  the  discovery  of  the  power  of 
gravity,  and  what  may  not  a  further  search  into  the  hidden 
mystery  of  electricity  ultimately  bring  to  light ! 

Electricity  and  steam  have  now  become  the  great  civilizers 
of  mankind.  Time  and  space  are  all  but  annihilated.  Years 
are  converted  into  days,  days  into  seconds,  and  miles  have 
become  mere  fractions  of  an  inch. 

No  fairy  dream  could  ever  surpass  the  wonders  of  the  pre- 
sent age.  The  ray  of  light  is  caused — itself  to  paint  the 
verdant  landscape,  or  trace  the  features  of  our  dearest  friends. 
The  power  of  heat  is  made  to  carry  us  whithersoever  we 
will — it  transports  alike  the  luscious  fruits  of  the  tropics  to  the 
colder  regions  of  the  earth,  or  carries  the  cooling  ice  to  assuage 
the  parching  thirst  of  sunny  climes,  and  last,  but  not  least, 
that  tiny  thread  of  wire  which  dangles  in  the  air  conveys  a 
silent  current  far  away,  and  thus  transacts  the  business  of  a 
mighty  trade  and  commerce,  and  carries  our  very  thoughts  to 
dear  and  distant  friends.  All  this  is  the  work  of  the  last  half 
century.  Who  can  tell  what  another  century  may  bring 
forth! 

Search  further,  ye  patient  labourers  in  the  field  of  electricity, 
for  many  brilliant  discoveries  await  you  still.  Examine  well 
the  laws  that  govern  this  subtle  power,  and  soon  will  you 
meet  your  reward.  The  field  is  rich  in  the  extreme.  Careful 
study,  and  direct  experiments,  are  alone  required  to  add  fresh 
laurels  to  the  many  that  already  adorn  the  brows  of  the  Phi- 
losophers of  the  present  age. 

It  is  time  to  conclude ;  in  doing  so  the  author  will  use 
the  language  of  the  immortal  Newton,  who,  at  the  close 
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of  the  Preface  to  his  'Principle/  says,  "I  earnestly  entreat 
that  all  may  be  read  with  candour,  and  that  my  labours  may 
be  examined,  not  so  much  with  a  view  to  censure,  as  to  supply 
their  defects." 


HUGHES,    PRINTER, 
KING'S    HEAD    COURT,    GOUGH    SQUARE. 
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